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ABSTRACT
H a ro ld  W, R o b b in s , M .S .,  F a l l  1981 E n v iro n m e n ta l S tu d ie s
An A i r  P o l lu t io n  S ource  A p p o rtio n m e n t S tud y  f o r  B i l l i n g s ,  M on tana :
1978 th ro u g h  1980
D ir e c t o r :  D r . Ron E r ic k s o n  Ç .
I t  i s  the  purpose  o f  t h i s  p a p e r to  d e te rm in e  th e  so u rce s  o f  a i r  
p o l l u t i o n  p a r t i c u la t e s  in  B i l l i n g s ,  M on tana . The d a ta  used f o r  t h i s  
a n a ly s is  was a r e s u l t  o f  the  M ontana A i r  P o l lu t io n  S tudy  (MAPS) con­
d u c te d  betw een m id d le  1978 to  e a r ly  1980. F our g e n e ra l s iz e s  o f  p a r­
t i c u la t e s  a re  a d d re s s e d : 1) t o t a l  suspended p a r t i c u la t e s  (a s  measured
by the  h ig h -v o lu m e  s a m p le r , 2 ) f i n e  p a r t i c le s  ( th o s e  p a r t i c le s  le s s  
th a n  2 .5  m ic ro n s  in  d ia m e te r ) ,  3 ) coa rse  p a r t i c le s  ( p a r t i c le s  be tw een
2 .5  and 15 m ic r o n s ) ,  and 4 )  in h a la b le  p a r t i c le s  ( p a r t i c l e s  le s s  th a n  15 
m ic r o n s ) .
The a n a ly s is  was conduc ted  u s in g  v a r io u s  s im p le  and com plex s ta ­
t i s t i c a l  m e thods . C om parisons were made betw een th e  a i r  m o n ito r iq g  
d a ta ,  m e te o ro lo g ic a l d a ta ,  and e m is s io n - re la te d  d a ta .  Com p a r i  sons 
be tw een  e m is s io n s - re la te d  d a ta  such as the  day o f the  week and w et 
d a y /d ry  days and a m b ien t d a ta  w ere  used to  a n a ly z e  p o s s ib le  s o u rc e s . 
E n r ic h m e n t f a c to r s  were used to  d e te rm in e  the  e f f e c t  o f  e a r th  c r u s t a l  
m a te r ia ls  on the  p a r t i c u la t e  le v e ls .  F in a l l y ,  f a c t o r  a n a ly s is  was used 
to  a p p o r t io n  v a r io u s  so u rces  by  use o f  th e  e le m e n ta l d a ta  d e v e lo p e d  fro m  
MAPS.
I t  i s  proposed th a t  road  d u s t ,  s o i l s ,  and the  l i k e  a re  th e  m a jo r  
c o n t r ib u t o r  to t o t a l  suspended p a r t i c u la t e ,  c o a rs e ,  and to  some d eg re e  
in h a la b le  p a r t i c u la t e  in  B i l l i n g s .  F in e  p a r t i c u la t e ,  on th e  o th e r  h a n d , 
seems to  be more c lo s e ly  a s s o c ia te d  w i t h  a u to m o b ile  and in d u s t r ia l  
e m is s io n s .
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INTRODUCTION
The purpose  o f  t h i s  pape r i s  to  s tu d y  and to  a n a ly z e  t o t a l  and in h a ­
la b le  p a r t i c u la t e  a i r  p o l lu t io n  in  B i l l i n g s ,  M on tana . T o ta l p a r­
t i c u la t e s  a re  a l l  p a r t i c l e s  suspended in  the  a tm o sp h e re , w h ile  in h a la b le  
p a r t i c u la t e s  c o n s is t  o n ly  o f  those  p a r t i c le s  t h a t  may e n te r  th e  nose o r  
m o u th . In h a la b le  p a r t i c u la t e s  a re  g e n e r a l ly  d e f in e d  as tho se  p a r t i c le s  
n o t  e xce e d in g  15 m ic ro n s  in  d ia m e te r  (mean S to k e 's  d ia m e te r ) .  
S p e c i f i c a l l y ,  t h i s  pape r i s  conce rned  w i t h  th e  a n a ly s is  o f  d a ta  
c o l le c te d  in  B i l l i n g s  d u r in g  the  co u rse  o f the  M ontana A i r  P o l lu t io n  
S tu d y  (MAPS) fro m  a p p ro x im a te ly  J a n u a ry  1, 1978 th ro u g h  June 30 , 1980.
I t  i s  hoped th a t  t h i s  pape r w i l l  a s s is t  d e c is io n -m a k e rs  in  t h e i r  a t te m p t 
to  c o n t r o l  t o t a l  and in h a la b le  p a r t i c u la t e s  in  the  a tm osp h e re  th ro u g h  a 
com p re he n s ion  o f  the  i n t e r - r e la t i o n s h ip s  be tw een  th e  p a r t i c le s  and 
m e te o r o lo g ic a l ,  a i r  m o n ito r in g ,  and e m is s io n s  d a ta .  The ke y  to  i n t e l l i ­
g e n t d e c is io n s  re g a rd in g  the  p r o te c t io n  o f  human h e a l th  fro m  p a r­
t i c u la t e s  i s  th ro u g h  an u n d e rs ta n d in g  o f  the  p a r t i c le s  and t h e i r  so u rce  
and b e h a v io r ,a s  w e l l  as s p a t ia l  and te m p o ra l d i s t r i b u t i o n s .
The p r im a ry  o b je c t iv e  o f  t h i s  p a p e r , th e n , i s  to  d e te rm in e  th e  
m a jo r  c la s s e s  o f  a i r  p o l lu t io n  so u rce s  in  B i l l i n g  s, w h ich  i s  to  say th a t  
the  o b je c t iv e  i s  to  a p p o r t io n  the  a i r  p o l l u t i o n  s o u rc e s  t h a t  s i g n i f i ­
c a n t ly  c o n t r ib u te  to  the suspended p a r t i c u la t e  le v e ls  in  the  a re a .  The 
means o f  such a d e te rm in a t io n  i s  th ro u g h  the  a n a ly s is  o f  t t e  a m b ie n t a i r  
q u a l i t y  d a ta ,  e m is s io n - re la te d  d a ta ,  and m e te o ro lo g y .
I t  i s  co n c lu d e d  th a t  th e  t o t a l  suspended p a r t i c u la t e  v a lu e s
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o bse rve d  in  the  c i t y  o f  B i l l i n g s  a re  m ost c l e a r l y  a s s o c ia te d  w i t h  road 
d u s t ,  s o i l ,  and c r u s t a l  e a r th  m a te r ia ls .  I t  i s  a ls o  co n c lu d e d  t h a t  th e  
f i n e  p a r t i c u la t e  d a ta  p ro b a b ly  have m a jo r i n d u s t r i a l  a n d /o r  a u to m o tiv e  
e x h a u s t as a m a jo r  s o u rc e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
BACKGROUND OF MAPS STUDY 
The MAPS p r o je c t  was p roposed  in  response  to  c o n c e rn  o v e r h ig h  d e a th  
r a te s  in  s e v e ra l M ontana c o u n t ie s  fro m  a v a r ie t y  o f c a r d io v a s c u la r  and 
p u lm o n a ry  d is e a s e s  such as emphysema, c h ro n ic  b r o n c h i t i s  and o th e r s .  A 
re v ie w  o f  d e a th  c e r t i f i c a t e s  fro m  D eer Lod g e , L a k e , M is s o u la ,  and S i lv e r  
Bow C o u n tie s  re v e a le d  d e a th  r a te s  fro m  these  d is e a s e s  f a r  above th e  
n a t io n a l  a v e ra g e . F o r e xa m p le , d e a th  r a te s  fro m  these  d is e a s e s  i n  
M is s o u la  C ounty w ere  49 p e rc e n t above th e  n a t io n a l  ave rage  f o r  tho se  
p eo p le  o v e r 65 , w h i le  the  d e a th  r a te s  in  D eer Lodge and S i lv e r  Bow 
C o u n tie s  were n e a r ly  tw ic e  the  n a t io n a l  a v e ra g e . In  a d d i t io n ,  these  
f ig u r e s  in d ic a te  t h a t  the  d e a th  r a te s  f o r  women w ere  a s  h ig h  o r  h ig h e r  
th a n  f o r  men. The l a t e r  s t a t i s t i c  w ou ld  tend to  r u le  o u t jo b - r e la te d  
ca u s e s , such as em ploym ent in  m ines o r  s m e lte rs .^  I t  became a p p a re n t to  
th e  M ontana A i r  Q u a l i t y  Bureau (AQB) t h a t  th e  causes may be a s s o c ia te d  
w i t h  the  s u rro u n d in g  e n v iro n m e n t, and s in c e  th e  d e a th s  w e re  due to  
p u lm o n a ry - re la te d  d is e a s e s , a i r  p o l l u t i o n  was a suspected  c a u se . These 
s t a t i s t i c s  a lo n g  w i t h  o th e r  a s s o c ia te d  d a ta  prom pted the  AQB to  app roach  
th e  1977 M ontana L e g is la tu r e  to  re q u e s t $ 1 .0 7  m i l l i o n  in  o rd e r  to  d e te r ­
m ine how a i r  p o l lu t io n  a f f e c t s  th e  h e a l th  o f  the  p e o p le  in  M on tana . The 
L e g is la tu r e  g ra n te d  the  money f o r  a tw o -y e a r  s tu d y  o f a i r  p o l l u t i o n  and 
h e a lth  in  Anaconda, B i l l i n g s ,  B u t te ,  M is s o u la ,  C o lum bia  F a l l s ,  C o ls t r ip ,  
E a s t H e le n a , and H a rd in .  The M ontana L e g is la tu r e  a l lo c a te d  a n o th e r  
$ 3 5 0 ,0 0 0  in  the  1979 s e s s io n  to  a l lo w  f o r  the  c o m p le t io n  o f  the  s tu d y .
In  response  to  the  l e g i s l a t i v e  m anda te , the  Bureau u n d e rto o k  
f i v e  h e a l th  e f f e c t  s tu d ie s  in  v a r io u s  c o m m u n it ie s .2
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1 . P u lm onary f u n c t io n  te s t in g  o f  s c h o o l c h i ld r e n  (second th ro u g h  
f i f t h  g ra d e s ) .  ( A l l  MAPS c o m m u n it ie s ) .
2 . P u lm onary  f u n c t io n  t e s t in g  o f p a t ie n t s  i d e n t i f i e d  as h a v in g  a 
c h ro n ic  o b s t r u c t iv e  p u lm on a ry  d is e a s e  (COPD). ( M is s o u la ) .
3 . S c re e n in g  f o r  the  p re se n ce  o f  p o s s ib le  c a rc in o g e n ic  su b s ta n ce s  
i n  c h i ld r e n 's  u r in e .  ( B ut t e - Anaconda ) .
4 .  Review  o f  a d m is s io n s  f o r  p u lm o n a ry - re la te d  d is e a s e s  a t  a l l  
h o s p i t a ls ,  ( E n t i r e  s ta te  o f  M o n ta n a ).
5 . D ea th  C e r t i f i c a t e  a n a ly s is  f o r  the  p e r io d  1 970 -1975 , (D e e r 
Lodge , L a k e , and S i lv e r  Bow C o u n t ie s ) .
S ig n i f ic a n c e  o f  th e  MAPS S tu d y  
P r in c ip a l  in v e s t ig a t o r s  f o r  the  MAPS p r o je c t  d evo ted  a g r e a t  d e a l o f 
a t t e n t i o n  to  the  co m p a riso n s  o f  p u lm o n a ry  f u n c t io n  and p a r t i c u la t e s ,  and 
m ost e s p e c ia l ly  in h a la b le  p a r t ie  u la  te s .  The in v e s t ig a t o r s  g e n e r a l ly  
fou n d  a n e g a t iv e  c o r r e la t io n  be tw een  in h a la b le  p a r t i c u la t e s ,  and pulm o­
n a ry  f u n c t io n ,  w h ic h  i s  to  say t h a t  when th e  in h a la b le  p a r t i c u la t e  
le v e ls  were h ig h ,  the  a b i l i t y  o f  c h i ld r e n  and COPD p a t ie n t s  to  p e r fo rm  
w e l l  was re d u c e d . T h is  c o r r e la t io n  h e ld  t ru e  b o th  f o r  i n t e r - c i t y  com­
p a r is o n s  and co m p a rison s  w i t h  v a ry in g  a i r  p o l l u t i o n  le v e ls  o v e r t im e  
( s e a s o n a l)  .3
The r e s u l t s  o f  these  a n a ly s e s  a re  h ig h ly  s ig n i f i c a n t  f o r  two 
re a so n s  :
1. Many o f  the  c o n s u l ta n ts  c o n ta c te d  to re v ie w  the  p r o je c t  f e l t  
t h a t  the  p r o je c t  w ou ld  f in d  "no  e f f e c t "  s in c e  p o p u la t io n  and 
p o l lu t io n  le v e ls  in  M on tana ’ s c i t i e s  w ere  to o  s m a ll to  
d e m o n s tra te  e f f e c t s ,  and
2 . MAPS i s  one o f  the  few  s tu d ie s  e v e r co nd u c te d  to  a d d re s s  in h a ­
la b le  p a r t i c u la t e s  and t h e i r  r e la t io n s h ip  to  human h e a l th .
A n o th e r p o in t  o f  i n t e r e s t  i n  t h i s  s tu d y  i s  t h a t  th e r e  i s  
an a p p a re n t e f f e c t  on th e  p o p u la t io n  a t  la rg e  and n o t j u s t  on  a
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" s e n s i t i v e "  p o p u la t io n .  The l a t t e r  has been a p o in t  o f  c o n te n t io n  b e t ­
ween o p p o s in g  g ro u p s  in  the  e s ta b lis h m e n t  o f  a m b ie n t a i r  q u a l i t y  
s ta n d a rd s ,  s in c e  some b e l ie v e  t h a t  th e  e n t i r e  p o p u la t io n  o u g h t to  be 
p ro te c te d  r a th e r  th a n  j u s t  " s e n s i t i v e ” in d iv id u a ls .
The E n v iro n m e n ta l P r o te c t io n  Agency (EPA) became s u f f i c i e n t l y  
in te r e s te d  in  the  o v e r a l l  s tu d y  to  c o n t r a c t  the  AQB f o r  $ 50 ,00 0  to  w r i t e  
a r e p o r t  on r e s u l t s  f o r  i t s  re v ie w .  The r e p o r t  i n t i t l e d  R e la t io n s h ip  
Between Human H e a lth  and In h a la b le  P a r t i c u la t e s , w h ic h  was p u b lis h e d  in  
O c to b e r 1980, c o n ta in s  th e  MAPS r e s u l t s  w i t h  re g a rd  to  p a r t i c u la t e s .  I t  
i s  a p p a re n t t h a t  EPA may use the  in fo r m a t io n  to  s e t a n a t io n a l  a m b ie n t 
s ta n d a rd  f o r  in h a la b le  p a r t i c u la t e s .  EPA has exp ressed  an i n t e r e s t  in  
t h i s  a re a  f o r  s e v e ra l y e a rs .  Of l a t e ,  num erous w o rkshops  have been 
co n d u c te d  on the  s u b je c t  o f  in h a la b le  p a r t i c u la t e s .  These w orkshops 
have been d e d ic a te d  to  h e a lth  e f f e c t s ,  m easurem ent te c h n iq u e s , and 
e x is t in g  d a ta  b a se s . EPA c u r r e n t l y  has s e v e ra l in h a la b le  p a r t i c u la t e  
a i r  m o n ito r in g  n e tw o rk s  th ro u g h o u t the  U n ite d  S ta te s .  M ontana, f o r  
in s ta n c e ,  i s  p a r t  o f  the  "W e s te rn  F in e  P a r t i c u la t e  P rogram " sponsored 
by EPA and conducted  by the  U n iv e r s i t y  o f C a l i f o r n ia  a t  D a v is . EPA 
a ls o  i s  s p o n s o rin g  re s e a rc h  f o r  m ethods o f  a n a ly s is  and c a p tu re  o f  
in h a la b le  p a r t i c u la t e .
In  summary, b o th  the  S ta te  o f  M ontana and the  EPA a re  in te r e s te d  in  
the  m easurem ent and the  in t e r p r e t a t i o n  o f  t o t a l  and in h a la b le  
p a r t i c u la t e s .  EPA has suggested  th a t  an in h a la b le  a m b ien t s ta n d a rd  i s  
i n  th e  m a k in g . T h is  in t e r e s t  in  the  m easurem ent o f  in h a la b le  p a r­
t i c u la t e s  le n d s  i t s e l f  to  a need f o r  a n a ly s is  o f  th e  a s s o c ia te d  fa c to r s  
a f f e c t in g  the  d a ta  d i s t r i b u t i o n .
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PARTICULATES AND THEIR MEASUREMENT 
A i r  p o l lu t io n  m easurem ent and c o n t r o l  g e n e r a l ly  a re  s e p a ra te d  In to  
two c la s s e s :  1) gases and 2 ) p a r t i c l e s .  The m ost common gaseous a i r
p o l lu t a n t s  a re  s u l f u r  d io x id e ,  n i t r o g e n  d io x id e ,  c a rb o n  m o n o x id e , and 
o zo n e . These p o l lu t a n t s  n o r m a lly  a re  m easured w i t h  an in s t ru m e n t  w h ic h  
c o n s ta n t ly  sam ples the  a i r  and re sp o n d s  to  the  a p p r o p r ia te  p o l lu t a n t  
w i t h  e i t h e r  an in d ic a t io n  on a c h a r t  r e c o rd e r  o r  an a n a lo g  s ig n a l ( f o r  
com pute r p ro c e s s in g  and lo g g in g ) ,  o r  b o th .  The m easurem ent and the  ana­
l y s i s  o f  p a r t i c u la t e s ,  h ow eve r, a re  u s u a l ly  q u i t e  d i f f e r e n t .
P a r t i c u la t e s  and T h e ir  C h a r a c te r is t ic s  
P a r t i c u la t e s  may a c t u a l l y  c o n s is t  o f  l i q u i d  o r  s o l id  p a r t i c le s .
The la r g e r  p a r t i c le s  ( th o s e  g r e a te r  th a n  10 o r  so m ic ro n s  in  d ia m e te r )  
tend  to  f a l l  o u t f a i r l y  r a p id l y .  P a r t i c le s  sampled in  th e  a i r  n o r m a lly  
v a r y  fro m  about .1  m ic ro n s  to  as la rg e  as 50 m ic ro n s , depend ing  on the  
typ e  o f  in s t ru m e n t  u sed . D i f f e r e n t  s o u rce s  o f  p a r t i c le s  tend to  p ossess  
q u i te  d i f f e r e n t  s iz e  c h a r a c t e r is t i c s .  F o r e xa m p le , to b a c c o  smoke i s  
betw een .001 and .2  m ic ro n s ,  r a in  d ro p s  fro m  500 to  1000 m ic ro n s ,  fo g  
fro m  1 to  50 m ic ro n s ,  p o l le n s  (c a u s in g  hay fe v e r )  from  15 to  60 m ic ro n s , 
and o i l  smoke from  .0 5  to  1 m ic r o n .1 The s iz e  u n iq u e n e s s  f o r  
v a r io u s  ty p e s  o f  p a r t i c u la t e s  le n d s  i t s e l f  to a u n iqu e  s iz e  range 
d i s t r i b u t i o n .  M ost u rb a n  a re a s  t y p i c a l l y  p osse ss  a b io io d a l d i s t r i b u t i o n  
such as the  one shown in  F ig u re  1. Note t h a t  th e  b im o d a l peaks o c c u r 
n e a r .5  m ic ro n  and 10 m ic ro n s .  I t  i s  g e n e r a l ly  assumed t h a t  the se  two 
peaks re p re s e n t  q u i te  d i f f e r e n t  s o u rc e s . The second peak te n d s  to  
re p re s e n t  so u rces  such as road d u s t ,  g e o lo g ic  m a te r ia ls ,  c ru s h e rs ,  and
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a b ra s iv e  a n d /o r  c u t t in g  o p e ra t io n s ,  w h i le  th e  f i r s t  peak (n e a r  .5  
m ic ro n s )  u s u a l ly  r e p re s e n ts  co m b u s tio n  ty p e  s o u rce s  such as smoke, 
a u to m o tiv e  e x h a u s t, and so f o r t h . ^
P a r t i c u la t e  M easu ring  D e v ic e s
The m ost common type  o f  m easurem ent f o r  p a r t i c u la t e s  in v o lv e s  cap­
t u r in g  the  p a r t i c le s  on a f i l t e r .  In  m ost in s ta n c e s ,  a c le a n  f i l t e r  i s  
w e ighed in  a la b o r a to r y  and th e n  exposed to  the  a tm o s p h e re . A i r  i s  
draw n th ro u g h  the  f i l t e r  a t  a known r a te  d u r in g  the  sa m p lin g  t im e .  A t 
the  end o f  the  sa m p lin g  p e r io d ,  the f i l t e r  i s  removed and th e n  re tu rn e d  
to  the  la b o r a to r y  f o r  re w e ig h in g .  The d i f fe r e n c e  in  w e ig h t be tw een  the  
exposed and the  un exposed f i l t e r  d iv id e d  by the  volum e o f a i r  p a s s in g  
th ro u g h  the  f i l t e r  d u r in g  the  ru n  i s  a m easurem ent o f  the  c o n c e n tr a t io n  
o f  p a r t i c le s  in  the  a i r .  The m ost common u n i t  o f  m easurem ent i s  
m ic ro g ra m s  per c u b ic  m e te r (u g /m ^ ) .
The h ig h -v o lu m e  sa m p le r ( h i - v o l )  has been i n  w id e sp rea d  use 
th ro u g h o u t the U n ite d  S ta te s  f o r  many y e a rs , and c o n t in u e s  to  be a m a jo r 
in s t ru m e n t  f o r  m o n ito r in g  a i r  q u a l i t y  le v e ls  in  v i r t u a l l y  a l l  s ta te  and 
c o u n ty  a i r  p o l lu t io n  a g e n c ie s . The h i - v o l  m easures p a r t i c le s  e x a c t ly  as 
d e s c r ib e d  above . The p a r t i c le s  a re  c o l le c te d  on a 8 x  10 in c h  f i l t e r  
( u s u a l ly  f ib e r g la s s  and som etim es c e l lu lo s e ) .  The f i l t e r  i s  w e ighed in  
the  la b o r a to r y  and th e n  s e n t to  a f i e l d  s a m p le r , w h ic h  c o n s is ts  o f  an 
a lum inum  h o u s in g , vacuum m o to r ,  f i l t e r  h o ld e r  a s s e m b ly , and a f lo w -  
m e a su rin g  d e v ic e  (s e e  F ig u re  2 ) .  The h i - v o l  i s  a lm o s t a lw a ys  o p e ra te d  
f o r  2 4 -h o u rs  a t  a tim e  ( u s u a l l y  m id n ig h t  to  m id n ig h t ) .  A f t e r  th e  ru n  i s  
c o m p le te d , the f i l t e r  i s  re tu rn e d  to  th e  la b o r a to r y  f o r  w e ig h in g  and 
c o n c e n tr a t io n  c a lc u la t io n .  The h i - v o l  i s  o f  such w id e sp rea d  use t h a t  i t
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Figure 2 
High Volume Sampler
F i l te r
F i l te r  Holder Assembly
Z .  Motor Assembly
Source: Code of Federal Regulations, Chapter 40, Part 50, Appendix B
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has been d e s ig n a te d  by the  EPA and the  S ta te  o f  M ontana as  the  
" r e fe r e n c e  m ethod" f o r  m e a su ring  t o t a l  suspended p a r t i c u la t e s  (T S P ).^  
A l l  c u r r e n t  a m b ie n t s ta n d a rd s  f o r  p a r t i c u la t e s  m ust be based on t h i s  
m e a su rin g  d e v ic e .  O th e r d e v ic e s  ca n n o t be used f o r  d e te r m in a t io n  o f  
c o m p lia n c e  w i t h  a m b ie n t s ta n d a rd s  u n le s s  th e y  can  be shown, th ro u g h  
e la b o ra te  t e s t i t ^ ,  to  be e q u iv a le n t  to  t h i s  m e tho d .
A lth o u g h  the  h i - v o l  i s  d e s ig n a te d  to  m easure t o t a l  suspended 
p a r t i c u la t e s ,  as a p r a c t i c a l  m a t te r  i t  has th e  a b i l i t y  to  m easure o n ly  
a c e r t a in  s iz e  d i s t r i b u t i o n  o f  p a r t i c l e s .  The a e rodynam ic  c u t p o in t  
(w h ic h  w i l l  be e x p la in e d  l a t t e r )  f o r  th e  h i - v o l  i s  a p p ro x im a te ly  30 
m ic ro n s .  The s m a lle s t  m easureab le  p a r t i c le  i s  a b o u t .01 m ic ro n s , 
s m a lle r  th a n  the  t ra p p in g  f i l t e r ^ .  The f i l t e r  m ed ia  used by  the  MAPS 
p r o je c t  w ere g la s s - f ib e r  and s u p p lie d  by  EPA as p a r t  o f  a n a t io n a l  
a l l o c a t io n  f o r  c o n s is te n c y  among s ta te s .  The f i l t e r s  a re  d es ig n e d  to 
c a p tu re  99 p e rc e n t o f  a l l  0 .3  m ic ro n  p a r t i c le s  (u s ip g  the  DOP t e s t  as 
d e s c r ib e d  in  the  F e d e ra l R e g is t e r ) . ^
T h e re  a re  s e v e ra l d i s t i n c t  d is a d v a n ta g e s  to  the  h i - v o l  sa m p le r 
r e l a t i v e  to  h e a lth  e f f e c t s .  As the  MAPS s tu d y  has in d ic a te d ,  and o th e r  
in v e s t ig a t o r s  have p o in te d  o u t ,  the  r e la t io n s h ip  be tw een  human h e a lth  
and p a r t i c le s  i s  a t  le a s t  p a r t i a l l y  dependen t upon th e  s iz e  o f  the  p a r­
t i c l e s  in  the  a i r  The h i - v o l ,  how eve r, appea rs  to  g a th e r  p a r t i c le s  
w i t h  a w ide  s iz e  ra n g e . S ince  i t  has the  a b i l i t y  to  c a p tu re  la r g e r  
p a r t i c l e s ,  i t  i s  q u i te  p o s s ib le  t h a t  in  many in s ta n c e s  th e  sam p le r 
c o u ld  be b ia s in g  the  r e s u l t s  to  la r g e r  v a lu e s  th a n  may be re p re s e n te d  
among the  s m a lle r ,  m ore im p o r ta n t  p a r t i c l e s .  In  o th e r  w o rd s , i t  ta k e s  
o n ly  a fe w  la r g e  p a r t i c le s  to  in d ic a te d  h ig h  TSP re a d in g s  when in  f a c t
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th e  s m a ll p a r t i c u la t e  c o n c e n tr a t io n  nay  be v e ry  lo w . The h i - v o l  
sam p le r may, t h e r e fo r e ,  have o n ly  l im i t e d  uses in  h e a l th  e f f e c t s  
s tu d ie s .  T h is  may n o t  be t r u e ,  o f  c o u rs e ,  i f  i t  can  be shown t h a t  a 
r e la t io n s h ip  e x is t s  be tw een th e  s m a lle r  p a r t i c le s  and TSP.
The h i - v o l  a ls o  has the  f u r t h e r  d is a d v a n ta g e  t h a t  i t  i s  g e n e r a l ly  
d i f f i c u l t  to  d e te rm in e  a c c u r a te ly  the  c o n c e n t r a t io n  o f  e le m e n ts  w i t h in  
th e  p a r t i c u la t e .  The f ib e r - g la s s  f i l t e r  i s  an e x c e l le n t  medium to  cap­
tu r e  p a r t i c le s  and s t i l l  a l lo w  a la r g e  a i r  f lo w  th ro u g h  the  f i l t e r  
( a p p r o x im a te ly  1 .2  c u b ic  m e te rs  pe r m in u te ) .  I t  i s ,  h ow eve r, n o t the  
b e s t  medium f o r  e le m e n ta l a n a ly s is  because o f  the  h ig h  and p o t e n t i a l l y  
v a r ia b le  background  le v e ls  o f  these  e le m e n ts  w i t h in  th e  f i l t e r  i t s e l f .
Many a i r  p o l lu t io n  c o n t r o l  a g e n c ie s  have used a n o th e r  type  o f 
s a m p le r , known as th e  membrane s a m p le r , to  a l l e v ia t e  th e  second p ro b le m . 
The membrane sam p le r o p e ra te s  on the  same p r in c ip le ,  b u t uses a t e f lo n  
f i l t e r  to  c a p tu re  the  p a r t i c u la t e s .  A d i f f e r e n t  s iz e  f i l t e r  i s  used in  
th e  membrane sam p le r th a n  th e  h i - v o l  as  w e l l  as a la r g e r  c a rb o n  vane  
pump. T h is  sam p le r was used by  MAPS to  o b ta in  some e le m e n ta l d a ta  w h ic h  
w ou ld  n o t be o b ta in a b le  th ro u g h  the  h i - v o l  s a m p le r .
In h a la b le  P a r t i c u la t e  M easu ring  D e v ice s  
The c o l le c t io n  and the m easurem ent o f  in h a la b le  p a r t i c le s  i s  n o t a 
t r i v i a l  ta s k .  R e c e n t ly ,  v a r io u s  m a n u fa c tu r in g  com panies have begun 
o f f e r in g  a i r  m o n ito r in g  d e v ic e s  t h a t  s e le c t i v e ly  sam ple o n ly  the  s m a lle r  
p a r t i c le s  in  the  a i r .  T h is  ty p e  o f  sam p le r i s  e x tre m e ly  a d va n ta g eo u s  
f o r  h e a l th  e f f e c t s  s tu d ie s  such as MAPS. In  o rd e r  to  in s u re  an u p - to -  
d a te  sa m p lin g  n e tw o rk , the  MAPS s t a f f  e le c te d  to  pu rchase  te n  u n i t s  o f  a
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typ e  o f  equ ip m e n t knovms as a " v i r t u a l  im p a c to r "  o r "d ic h o to m o u s  
s a m p le r"  from  S ie r r a  C o rp o ra t io n  i n  C a l i f o r n ia .®  T h is  ty p e  o f sam p le r 
i s  c le a r l y  the  "wave o f  the  f u t u r e "  r e la t i v e  to  o th e r  p a r t i c u la t e  
sa m p le rs  w h ich  a re  now becom ing o b s o le te .  The EPA and v a r io u s  p r iv a t e  
com pan ies c u r r e n t l y  a re  p ro d u c in g  a n o th e r  ty p e  o f  sam p le r t h a t  can  be 
r e t r o f i t t e d  on to  the  h i - v o l  in  o rd e r  to  re d uce  c o s ts  o f  c o n v e r t in g  to 
in h a la b le  p a r t i c u la t e  m o n ito r s .  These r e t r o - f i t t e d  sam p le rs  w ere  n o t 
a v a i la b le  d u r in g  the  MAPS p r o je c t ’ s d e s ig n  p h a s e .
C o l le c t io n  o f  the  in h a la b le  p a r t i c u la t e s  o c c u rs  on tw o f i l t e r s ,  
w h ic h  a re  .47 m ic ro n  p o re  s iz e  and a re  composed o f a f lu o ro c a rb o n -b a s e d  
m a t e r ia l . T h is  m a te r ia l  i s  s e le c te d  as a f i l t e r  m ed ia  when some o f  the  
f i l t e r s  a re  to  be s u b je c te d  to  e le m e n ta l a n a ly s is .  In  o rd e r  to  s e le c t  
the  p ro p e r s iz e  ra n g e s , the  sam p le r d raw s a i r  in  th ro u g h  an a e ro s o l 
i n l e t  a t  a p p ro x im a te ly  16 .7  l i t e r s  /m in u te  (a n  a p p ro x im a te  b re a th in g  
r a t e ) .  The a e ro s o l i n l e t  d e f le c t s  th e  f lo w  o f  a i r  v e r t i c a l l y  in to  the 
s e p a ra t io n  chamber (se e  F ig u re  3 ) .  The cham ber i s  d es ign e d  such t h a t  
th e  upward a i r  v e lo c i t y  i s  e q u a l to  the  s e t t l i n g  v e lo c i t y  o f  a 1 5 -m ic ro n  
p a r t i c l e  h a v in g  a d e n s ity  o f  1 gram p e r c u b ic  c e n t im e te r  ( u n i t  d e n s i t y ) .  
T hus , any p a r t i c le s  la r g e r  th a n  15 m ic ro n s  s e t t le  o u t and do n o t e n te r  
the  in s t ru m e n t .^
H av ing  passed th ro u g h  the  a e ro s o l i n l e t ,  the  p a r t i c le s  a re  th e n  
a c c e le ra te d  downward th ro u g h  the  im p a c to r  n o z z le  (s e e  F ig u re  4 ) .  As the  
p a r t i c le s  pass th ro u g h  the  n o z z le ,  th e y  a re  s u d d e n ly  a c c e le ra te d  by 
f o r c in g  a sharp  90® tu r n  tow ard  the  h o r iz o n ta l  . The speed o f the  a i r  
and the sharp  tu r n  a re  d e s ig n e d  such t h a t  o n ly  p a r t i c le s  le s s  th a n  2 .5  
m ic ro n s  in  d ia m e te r  ( u n i t  d e n s i t y )  a re  a b le  to  re m a in  in  th e  a i r  f lo w .
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Figure 3
Aerosol In le t  
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The r e s t  o f  the  p a r t i c le s  do n o t re m a in  in  the  a i r  f lo w ,  b y  v i r t u e  o f 
t h e i r  i n e r t i a ,  and im p a c t in t o  the  " v o id "  o f  the  r e c e iv e r  tu b e . In  
o rd e r  to  p re v e n t b a c k f lo w ,  th e  r e c e iv e r  tube  a c t u a l l y  d raw s a s m a ll 
amount o f  a i r  f lo w  (1 .6 7  l i t e r s / m in u t e ) ,  w h ich  a ls o  p re v e n ts  p a r t i c l e s  
fro m  b e in g  re  in  t r a in e d  in t o  the  m a in  a i r  s tream  and th u s  d e p o s ite d  on 
the  in c o r r e c t  f i l t e r .  T h is  f i l t e r  (and the  a s s o c ia te d  p a r t i c le s  on the  
f i l t e r )  i s  known as th e  co a rse  f i l t e r  s in c e  i t  c o n ta in s  p a r t i c le s  b e t ­
ween 15 m ic ro n s  ( f ro m  the  a e ro s o l i n l e t )  and 2 .5  m ic ro n s  ( fro m  the  
im p a c to r  n o z z le ) .  The p a r t i c le s  t h a t  a re  a c c e le ra te d  th ro u g h  and a round  
the  n o z z le  a re  known as the  f in e  f r a c t i o n ,  t h a t  i s ,  p a r t i c le s  le s s  th a n
2 .5  m i c r o n s . T h e  sum o f  the  two i s  commonly known as in h a la b le  
p a r t i c l e s .
B o th  the  f in e  and coarse  p a r t i c le s  a re  c o l le c te d  on a 37 mm 
d ia m e te r  f i l t e r  a t  a f lo w  r a te  o f  15 .0  and 1 .67  l i t e r s / m in u t e , 
r e s p e c t iv e ly .  S in ce  a p o r t io n  o f  the  a e ro s o l i n l e t  f lo w  i s  a c t u a l l y  
d iv e r te d  to the co a rse  f i l t e r  (1 0  p e r c e n t ) ,  a c o r r e c t io n  has to  be made 
in  the  c o n c e n tr a t io n  c a lc u la t io n  f o r  the  co a rse  and f in e  f i l t e r .
I t  i s  im p o r ta n t  to  remember t h a t  th e  c u t - o f f  s iz e s  (2 .5  and 15 
m ic ro n s )  a re  ae rodynam ic  c u t - o f f  p o in t s ,  w h ich  i s  to  say th a t  the  
s e p a ra t io n  does n o t o c c u r by some p h y s ic a l means o f m easuring  each 
p a r t i c l e ,  b u t i s  done based on the  a e ro d yn a m ics  o f  the  p a r t i c l e .  The 
c u t - o f f  s iz e  a p p l ie s  o n ly  to  p a r t i c le s  o f  u n i t  d e n s ity  and o f a s p h e r i­
c a l shape . The c u t - p o in t  i s  a ls o  r e la te d  o n ly  to  p r o b a b i l i t i e s .  F o r 
e xam p le , i f  a 2 .5  m ic ro n  p a r t i c le  ( u n i t  d e n s ity  and s p h e r ic a l)  w e re  to  
e n te r  th e  s a m p le r , i t  w o u ld  have a 50 -50  chance  o f  f a l l i n g  on the  f i n e
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f i l t e r .  I f ,  h ow eve r, a 2 .0  m ic ro n  p a r t i c l e  w ere to  e n te r  th e  s a m p le r , 
i t  w ou ld  have a 7 0 -3 0  chance o f  f a l l i n g  on th e  f i n e  f i l t e r .  F ig u re s  5 
and 6 show the  p r o b a b i l i t y  f u n c t io n  f o r  th e  a e ro s o l i n l e t  and the 
n o z z le ,  r e s p e c t iv e ly .  S im i l a r ly ,  a p a r t i c le  o f  20 m ic ro n s  w i l l  have 
a p p ro x im a te ly  a 35 p e rc e n t chance  o f  e n te r in g  the  s a m p le r .
One may l o g i c a l l y  q u e s t io n  th e  w isdom o f  such a sa m p ling  te c h n iq u e  
i n  l i g h t  o f  the  p r o b a b i l i t i e s  o f  o b ta in in g  the  c o r r e c t  s iz e  p a r t i c le  on 
th e  c o r r e c t  f i l t e r .  T h is  m ethod may n o t be as a c c u ra te  i n  a b s o lu te  
te rm s  o f  m e a su rin g  c o n c e n tr a t io n s  o f  s m a ll p a r t i c le s  as e le c t r o n  
m ic ro s c o p e s , o p t ic a l  m ic ro s c o p y , and so f o r t h .  T he re  a r e ,  how eve r, 
two s ig n i f i c a n t  a d va n ta g e s  to  the  te c h n iq u e :
1. C o s t. T h is  m ethod i s  c o n s id e ra b ly  ch ea p e r th a n  e le c t r o n  m ic ro s c o ­
pes and the  in te n s iv e  manpower t h a t  w o u ld  be re q u ire d  f o r  o p t ic a l  
te c h n iq u e s .
2 . Human H e a lth .  A lth o u g h  ae rodynam ic  s e p a ra t io n  may appear to  be a 
r e l a t i v e l y  in a c u ra te  method o f  s e p a ra t io n ,  i t  i s  p r e c is e ly  the  same 
m ethod used by the  m outh  and n ose . As one b re a th e s ,  p a r t i c le s  a re  
d raw n up th ro u g h  the  nose a n d /o r  m o u th . P a r t i c le s  a re  a c c e le ra te d  
th ro u g h  sharp  tu r n s ,  w h ic h  d ro p  o u t la r g e r  p a r t i c l e s .  The re a so n  
f o r  ch o o s in g  the sample c u t - p o in t  o f  2 .5  m ic ro n s  i s  t h a t  i t  i s  
g e n e r a l ly  b e l ie v e d  th a t  p a r t i c le s  o f  t h i s  s iz e  have the  a b i l i t y  to  
e n te r  the  deep lu n g , w h ile  p a r t i c le s  la r g e r  th a n  t h i s  s iz e  w i l l  be 
removed betw een th e  t h r o a t  and lu n g .
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Figure 5
Collection Efficiency of Aerosol In le t  
Dichotomous Sampler
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Figure 6
Collection Efficiency of Nozzle 
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MAPS PARTICULATE NETWORK 
An a i r  m o n ito r in g  n e tw o rk  was chosen and e s ta b lis h e d  in  the  com­
m u n it ie s  o f  A naconda, B i l l i n g s ,  B u t te ,  G re a t F a l l s ,  and M is s o u la .  The 
t o t a l  m o n ito r in g  e f f o r t  u n d e rta k e n  by MAPS in c lu d e d  m easurem ents o f  
gases and p a r t i c l e s .  The m easurem ent o f  p a r t i c le s  a ls o  in c lu d e d ,  in  
some c a s e s , an a n a ly s is  o f  e le m e n ta l c o m p o s it io n .  P a r t i c u la r  a t t e n t io n  
was p a id  to  those  e le m e n ts  t h a t  may have o r  cause some h e a lth  e f f e c t .  
E x te n s iv e  m e te o ro lo g ic a l m o n ito r in g  a ls o  was c o n d u c te d , in c lu d in g  su r­
fa c e  w ind  speed and d i r e c t io n ,  upp e r le v e l  w ind speed and d i r e c t i o n ,  
a tm o s p h e r ic  s t a b i l i t y ,  and m ix in g  h e ig h ts .
The AQB in  c o n ju n c t io n  w i t h  th e  A i r  M o n ito r in g  A d v is o ry  C om m ittee  
o f  the  MAPS s tu d y  s e le c te d  the  p o l lu t a n t s ,  sam p ling  f re q u e n c y , and 
lo c a t io n  o f  the  a i r  m o n ito r in g  s t a t io n s .  AQB s t a f f  g e n e r a l ly  d e c id e d  on 
s p e c i f i c  b ra n d s  o f  in s t r u m e n ts .  The a i r  m o n ito r in g  s i t e s  w e re  chosen  to  
re p re s e n t  the  s tu d y  p o p u la t io n 's  a i r  p o l l u t i o n  e xp o su re  a c c o rd in g  to  the  
fo l lo w in g  c r i t e r i a ;  s c h o o l,  t r a n s p o r t a t io n  d e n s i t y ,  p o p u la t io n ,  
i n d u s t r i a l  a c t i v i t y ,  e le v a t io n ,  b u s in e s s  d e n s i t y ,  d is ta n c e  fro m  ro a d s  o f  
h ig h  t r a f f i c  f lo w ,  and open v e n t i l a t i o n  a round  the  s i t e  ( t r e e s ,  
b u i ld in g s ,  and o th e r  o b s t r u c t io n s ) .  T a b le  1 i s  a co m p a riso n  o f  the  
m a jo r s i t e  lo c a t io n s  c h a r a c t e r is t i c s .
A map o f  B i l l i n g s  i s  in c lu d e d  as F ig u re  7 and in c lu d e s  th e  s i t e s  o f  
the  a i r  m o n ito r in g  s ta t io n s  as w e l l  as the  lo c a t io n  o f  the  pu lm onary  
f u n c t io n  te s t in g  o f  s ch o o l c h i ld r e n .
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T a b le  1
Q u a l i t a t iv e  C om parison  o f  A m b ien t A ir  M o n ito r in g  S i t e  C h a r a c te r is t ic s
M is s o u la  B u tte  Anaconda B i l l i n g s  G. F a l ls
E le v a t io n 3180 5550 5260 3150 3336
T r a n s p o r ta t io n  D e n s ity 3 2 1 2 1
G e n e ra l P o p u la t io n  D e n s ity 3 2 2 3 3
L ig h t  B u s in e s s  D e n s ity 3 3 1 2 1
In d u s t r y  D e n s ity 1 3 3 1 1
D is ta n c e  to  H ig h  T r a f f i c  Roads 4 2 1 2 2
V e n t i la t io n  o f S ite 1 1 2 4 2
15 13 10 14 10
S c a le : l= m in o r / lo w  d e n s i t y ,  4 = m a jo r /h ig h  d e n s ity
S o u rce : M ontana A i r  Q u a l i t y  B ureau , M ontana A i r  P o l lu t io n  S tu d y : 
R e la t io n s h ip  Between Human H e a lth  and In h a la b le  P a r t i c u la t e s , (H e le n a , 
MT: M ontana D epa rtm en t o f  H e a lth  and E n v iro n m e n ta l S c ie n c e s , 1 9 8 0 ), p . 
28.
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MAPS P a r t i c u la t e  In s tru m e n ts  
T a b le  2 sum m arizes th e  ty p e s  o f  in s t ru m e n ts  used in  th e  MAPS p ro ­
j e c t  to  m o n ito r  p a r t i c u la t e s .  The in s t ru m e n ts  d is c u s s e d  in  the  p re v io u s  
c h a p te r  were used in  the  MAPS p r o je c t .  The d ich o to m o u s  s a m p le r , 
h o w e ve r, p re s e n te d  s p e c ia l p ro b le m s  to  the  AQB and MAPS s t a f f .  Numerous 
t e s t s  w e re  conduc ted  on the  sam p le r to  d e te rm in e  m ethods o f  t r a n s p o r t  o f  
f i l t e r s ,  c a l i b r a t i o n  p ro c e d u re s , and the  l i k e .  The sam p le r was s e t up 
to  ru n  f o r  24 h o u rs  once e v e ry  th re e  days  because i t  was to o  e x p e n s iv e  
to  a tte m p t to  ru n  the  sam p le r e v e ry  day as w o u ld  have been p r e fe r r e d .
I t  was found  th a t  the  b e s t  m ethod o f  t r a n s fe r  to  and from  the  la b o r a to r y  
was u s in g  h a n d -d e liv e re d  p e t r i  d is h e s .  E a r ly  e x p e r im e n ta t io n  re v e a le d  
th a t  th e  co a rse  f i l t e r  tended to  have p a r t i c le s  f a l l  o f f  o f  the f i l t e r  
a f t e r  the  ru n  u n le s s  th e re  was a c o n c e rte d  e f f o r t  n o t to  t i p  the  f i l t e r s  
u p s id e  down. T h ro ug h ou t th e  MAPS p r o je c t ,  t h e r e fo r e ,  no f i l t e r s  w ere 
e v e r m a ile d  o r  sh ipped  be tw een the  la b o r a to r y  and f i e l d .  A l l  f i l t e r s  
w ere h a n d -d e liv e re d  to  the la b o r a to r y  a f t e r  ru n s  w ere  c o m p le te d . 1
D u rin g  the  la t e  f a l l  and w in t e r ,  a s ig n i f i c a n t  p ro b le m  deve loped  a t  
two o f  the  m o n ito r in g  s i t e s  (M is s o u la  and B u t t e ) .  The a i r  f lo w  th ro u g h  
the  f i l t e r s  d ropped s i g n i f i c a n t l y  d u r in g  the  sample ru n s , w h ich  caused 
the  AQB to  in v a l id a t e  these  sample ru n s .  D u rin g  some p r e l im in a r y  
t e s t in g ,  s e v e ra l sam p le rs  w ere o p e ra te d  c o n t in u o u s ly  f o r  up to  s ix  days 
w i t h  l i t t l e  o r  no d ro p  in  a i r  f lo w .  The f lo w  drop  d id  n o t seem to  be 
caused by e x c e s s iv e  mass lo a d in g s  on th e  f i l t e r s  s in c e  these  lo a d in g s  
w ere  le s s  th a n  had been seen d u r in g  the  e x p e r im e n ta t io n  p e r io d  . A f te r  
f u r t h e r  e x p e r im e n ta t io n  i t  was d is c o v e re d  th a t  by  h e a tin g  the  i n l e t  tube  
and the  f i l t e r  a re a  a marked im provem ent in  a i r  f lo w  was n o t ic e d .  The
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T ab le  2
MAPS P a r t i c u la t e  M o n ito rs
S ite  Name In s tru m e n t A p p ro x im a te  Stan
L io n s ' Park., M is s o u la H i - v o l 11/77
L io n s ' P a rk , M is s o u la Membrane 2 /7 8
L io n s ' P a rk , M is s o u la B e ta  C o u n te r 6 /7 8
L io n s ' P a rk , M is s o u la D icho tom ous 9 /7 8
L io n s ' P a rk , M is s o u la N e p h e lo m e te r 1 /78
McLeod P a rk , M is s o u la H i - v o l 1 /7 9
McLeod P a rk , M is s o u la D icho tom ous 1 /79
C o u rtho u se  R o o f, M is s o u la H i- v o l * * * *
C ou rthouse  R o o f, M is s o u la D icho tom ous 10 /78
Rose P a rk , M is s o u la H i - v o l 10/78
L in c o ln  S c h o o l, Anaconda H i—v o l 5 /7 8
L in c o ln  S c h o o l, Anaconda D iehotom ous 8 /7 8
L in c o ln  S c h o o l, Anaconda Membrane 7 /7 8
H i-W ay J u n c t io n ,  Anaconda H i- v o l * * * *
Hebgen P a rk , B u tte H i- v o l 6 /7 8
Hebgen P a rk , B u tte D icho tom ous 8 /7 8
Hebgen P a rk , B u tte Membrane 8 /7 8
Hebgen P a rk , B u tte N e p he lo m e te r 10 /78
F lo r a l  P a rk , B u tte H i- v o l 11/78
F lo r a l  P a rk , B u tte D icho tom ous 11/78
D r .  C a n ty 's  O f f i c e ,  B u t te H i- v o l 6 /7 8
K iw a n is  P a rk , G re a t F a l ls H i- v o l 10/78
K iw a n is  P a rk , G re a t F a l ls D icho tom ous 10/78
C e n tr a l P a rk , B i l l i n g s H i- v o l 6 /7 8
C e n tr a l P a rk , B i l l i n g s D iehotom ous 9 /7 8
C e n tr a l P a rk , B i l l i n g s Membrane 9 /7 8
C it y  H a l l ,  B i l l i n g  s H i- v o l * * * *
Lockwood S c h o o l, B i l l i n g s H i - v o l 4 /7 9
Lockwood S c h o o l,  B i l l i n g s D icho tom ous 5 /79
Grand A ve . S c h o o l,  B i l l i n g s H i - v o l * * * *
KGHL, B i l l i n g s H i- v o l * * * *
* * * *  These s i t e s  w ere in  o p e ra t io n  s e v e ra l yea rs  b e fo re  th e  s t a r t  
o f  the MAPS p r o je c t .
S o u rce : M ontana A i r  Q u a l i t y  B ureau , M ontana A i r  P o l lu t io n  S tu d y :
R e la t io n s h ip  Between Human H e a lth  and In h a la b le  P a r t i c u la t e s ,
(H e le n a , MT: M ontana D e p a rtm en t o f  H e a lth  and E n v iro n n e n ta l S c ie n c e s ,
p . 28 .
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i n l e t  tube  and the  f i l t e r  h o ld e rs  f o r  a l l  sa m p le rs  w ere  in s u la te d  and 
hea ted  u s in g  h e a tin g  tape  commonly used to  keep w a te r  p ip e s  from  
f r e e z in g .  The h e a t in g  tape  p ro b a b ly  hea ted  the  a i r  o n ly  a few  deg re e s  
C e n tig ra d e  from  a m b ie n t, dep e nd in g  on the  a m b ie n t te m p e ra tu re .  The tube  
f e l t  warm to  the  to u c h  d u r in g  the  sam p le , b u t n o t h o t .  The h e a tin g  tape 
was e qu ip e d  w i t h  a te m p e ra tu re  s w itc h  so th a t  i t  w o u ld  shu t o f f  d u r in g  
warm er w e a th e r . 2
E x a c t ly  why t h i s  im proved  the s i t u a t io n  was n e v e r f u l l y  
e x p la in e d .  M ost o f  the  s t a f f  b e l ie v e d  th a t  i t  had som eth ing  to  do w i t h  
ic e  fo r m a t io n  on th e  f i l t e r s ,  w h ile  o th e rs  f e l t  t h a t  p e rh a p s  o rg a n ic  
compounds were the  c u l p r i t .  The r a t io n a le  f o r  b la m in g  the  p ro b le m  on 
ic e  was t h a t  the  p ro b le m  n e ve r o c c u rre d  above f r e e z in g ,  and o c c u rre d  
f r e q u e n t ly  b e low  f r e e z in g ;  e s p e c ia l ly  on days when th e re  was a m orn ing  
fo g  and b e low  f r e e z in g  te m p e ra tu re . O the rs  b e lie v e d  t h a t  p e rh a p s  th e  
sam p le r was " b o i l in g  o f f "  o rg a n ic  compounds w i t h  the  h e a t tape and was 
th e r e fo r e  a l lo w in g  a i r  to  pass e a s i l y  th ro u g h  the  f i l t e r .  The p ro b le m  
seemed to  be l im i t e d  to the f in e  f i l t e r .
A u to m a tic  s h u t - o f f  d e v ic e s  were purchased f o r  the  second ye a r o f  
o p e r a t io n  to  p re v e n t the  lo s s  o f  d a ta .  The d e v ic e s  a u to m a t ic a l ly  shu t 
down the in s tru m e n t a n y tim e  the  f in e  o r  co a rse  f lo w  f e l l  b e low  a c r i t i ­
c a l l e v e l .
D a ta  Summary o f  B i l l i n g  s MAPS N e tw ork  
The TSF m o n ito rs  in  B i l l i n g s  (C e n tra l P a rk ) re co rd e d  a maximum 
a n n u a l g e o m e tr ic  mean o f  66 ug /ra^. T h is  d a ta  shows c o m p lia n c e  w i t h  the  
fe d e r a l  p r im a ry  and the s ta te  s ta n d a rd s ,  b u t n o t w i t h  the  fe d e r a l secon-
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d a ry  s ta n d a rd . A t C e n tra l P a rk , th e  m a in  s i t e  f o r  th e  a re a , the  h ig h e s t  
TSF re a d in g s  w ere o b se rve d  in  the  summer and e a r ly  f a l l ,  w h ile  the  
lo w e s t re a d in g s  appeared  d u r in g  the  w in t e r .
The in h a la b le  p a r t i c u la t e  d a ta  e x h ib i te d  the  same o v e r a l l  ten d en ­
c ie s  as the  TS? d a ta .  Maximum v a lu e s  w ere  re c o rd e d  d u r in g  the  la t e  
summer and in  some cases w in te r  as w e l l .  The in h a la b le  p a r t i c u la t e  
a r t im e t ic  mean was a b o u t one h a l f  o f  the  TSF mean, 81 v e rs u s  43 f o r  
C e n tra l P a rk . The c o n c e n tr a t io n  o f  f i n e  p a r t i c u la t e  was 18 ug/m^ f o r  
C e n tra l P ark  w h ile  the  coa rse  c o n c e n t r a t io n  was 25 ug/m ^ f o r  th e  MAPS 
s tu d y  p e r io d .
The s u l f u r  d io x id e  le v e ls  showed no v io la t io n s  o f  the  M ontana o r
fe d e r a l a m b ien t s ta n d a rd s ,  b u t num erous lo w - le v e l  re a d in g s  were
o b s e rv e d . Most re a d in g s  o c c u rre d  d u r in g  the e a r ly  m orn ing  hou rs  th ro u g h  
a p p ro x im a te ly  10 :0 0  a .m . The mean le v e l  o f  s u l f u r  d io x id e  was ,011  ppm. 
The ozone le v e ls ,  on the  o th e r  hand , g e n e r a l ly  w ere  a s s o c ia te d  w i t h  
warm er w e a th e r, w h ic h  i s  n o t s u r p r is in g  s in c e  ozone may be form ed w i t h
in te n s e  s o la r  h e a t in g ,  n i t r o g e n  o x id e s ,  and h y d ro c a rb o n s . The mean
v a lu e  was .020  ppm a t  C e n tra l P a rk . N it ro g e n  d io x id e  measured a t  
C e n tra l P ark  re v e a le d  an a n n u a l ave rag e  o f  .016 ppm, w h ic h  com pares to  
the  fe d e r a l and s ta te  a n n u a l ave rage  s ta n d a rd  o f .050  ppm. In  c o n t r a s t  
to  ozone the  h ig h e s t  le v e ls  o f  n i t r o g e n  d io x id e  w ere  o bse rved  in  the  
la t e  f a l l  and w in t e r .
S e v e ra l e le m e n ts  w ere  a n a ly z e d  on the  h i - v o l  and membrane 
sa m p le rs  th ro u g h o u t th e  tîAPS p r o je c t  and those  se rved  as th e  m a jo r  d a ta  
b lo c k  f o r  d e te rm in in g  so u rce s  in  t h i s  p a p e r .
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FOOTNOTES
^ H a ro ld  R o b b in s , M ontana A i r  P o l lu t io n  S tu d y ; A i r  M o n ito r in g  
In s t r u m e n ta t io n , (H e le n a , MT; M ontana D epartm en t o f  H e a lth  and 
E n v iro n m e n ta l S c ie n c e s , 1 9 7 9 ), p p . 1 8 -2 1 .
Z ib id .
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METHODOLOGY
As s ta te d  in  th e  I n t r o d u c t io n  o f  t h i s  p a p e r ,  th e  p r im a ry  g o a l i s  
to  d e te rm in e  th e  c o n t r ib u t io n  fro m  v a r io u s  s o u rce s  o f  a i r  p o l lu t io n  to  
th e  p a r t i c u la t e  le v e ls  in  B i l l i n g s .  T h ree  ty p e s  o f  in fo r m a t io n  o u s t  be 
used to  make the se  d e te r m in a t io n s :  a i r  q u a l i t y  d a ta ;  m e te o ro lo g ic a l
d a ta ;  and source  o r  e m is s io n  d a ta .  In  o rd e r  to  make the  d a ta  
u n d e rs ta n d a b le ,  a number o f  s t a t i s t i c a l  a n a ly s e s  w ere  em p loye d . The 
s t a t i s t i c a l  a n a ly s is  com bined w i t h  th e  a i r  q u a l i t y  and m e te o ro lo g ic a l 
d a ta  se rve d  as th e  b a s is  f o r  th e  r e s u l t s  and c o n c lu s io n s .
In  o rd e r  to  p ro v id e  a fra m e w o rk  f o r  a n a ly s is ,  i t  was n e ce s s a ry  to  
e s ta b l is h  a d e f in e d  d a ta  base and method o f  d a ta  s to ra g e  and r e t r i e v a l .  
I t  was d e s ire d  to  o b ta in  th e  g r e a te s t  d e g re e  o f  r e s o lu t io n  p r a c t i c a b le .  
I t  was b e l ie v e d  th a t  t h i s  c o u ld  be done b y  u s in g  the  s h o r te s t  t im e  fram e 
p r a c t ic a b le  f o r  the  a n a ly s is .  A 2 4 -h o u r a ve rag e  was chosen  because 
a lm o s t a l l  TSP and in h a la b le  p a r t i c u la t e  d a ta  w e re  a v a i la b le  f o r  o n ly  a 
o n e -d a y  a v e ra g e . The tim e  fram e f o r  the  s tu d y  was s e le c te d  to be from  
J a n u a ry  1, 1977 th ro u g h  May 31, 1980. The b e g in n in g  d a te  was chosen to  
ta k e  advan tage  o f  some d a ta  c o l le c te d  in  B i l l i n g s  p r io r  to  the im plem en­
t a t io n  o f  the MAPS p r o je c t  ( a p p r o x im a te ly  J u n e , 1 9 7 8 ). The e nd in g  d a ta  
c o in c id e s  w i t h  th e  te r m in a t io n  d a te  o f  the  a m b ie n t a i r  q u a l i t y  n e tw o rk  
f o r  the  MAPS p r o je c t .  I t  was a ls o  d e c id e d  to use the  ISM 370 S158 com­
p u te r  f a c i l i t e s  a t  the  S ta te  o f  M o n ta n a 's  A d m in is t r a t io n  D e p a rtm e n t.
The d a ta  w ere s to re d  on d is k  ( u n i t  //3330P1) and tape (9  t r a c k ,  s ta n d a rd  
IBM l a b e l ) ,  and the  S t a t i s t i c a l  Package f o r  the  S o c ia l S c ie n ce s  (SPSS)
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was used f o r  n e a r ly  a l l  d a ta  a n a ly s is  c a r r ie d  o u t in  t h i s  p r o je c t .  The 
WTC IC IS  850 m ic ro c o m p u te r  was used f o r  some s m a ll a n a ly s is  w o rk  in  the  
fre q u e n c y  d i s t r i b u t i o n  and e n r ic h m e n t f a c t o r  c a lc u la t io n s .  SPSS p r o v i ­
des a m echanism  f o r  in p u t in g ,  o u tp u t in g , and a l t e r in g  d a ta  on the  
sys tem . S ince  th e  m easuring  tim e  fram e chosen was 24 h o u rs , i t  was 
d e c id e d  to  in p u t  a l l  d a ta  such t h a t  each v a r ia b le  w ou ld  have a s in g le  
v a lu e  re p re s e n t in g  each day o f  the  s tu d y  p e r io d  (1 /1 /7 7  th ro u g h  
5 /3 1 /8 0 ) .  I f  the  d a ta ,  f o r  e xam p le , w ere  coded in  the  A ir  Q u a l i ty  
Bureau d a ta  system  as h o u r ly  a v e ra g e s , some fo rm  o f m a n ip u la t io n  was 
n e c e s s a ry , u s u a l ly  a v e ra g in g ,  to  c o n v e r t the  d a ta  to  a s in g le  d a i l y  
v a lu e .  C o n s id e r in g  each day as a c a s e , th e re  were 1247 cases on the  
f i l e .  I f  no d a ta  w e re  a v a i la b le  f o r  any p a r t i c u la r  d a te ,  the  v a r ia b le  
was coded as a m is s in g  v a lu e  ( u s u a l l y  - 1 . ) .
V a r ia b le s  S e le c te d  
A m b ie n t a i r  q u a l i t y  d a ta ,  m e te o ro lo g ic a l d a ta ,  and e m is s io n - 
r e la te d  d a ta  were used in  t h i s  s tu d y . E m iss io n s  d a ta  i s  p ro b a b ly  the 
w eakes t d a ta  s e t in  the  a n a ly s is .  T h is  i s  t ru e  because d a y - to -d a y  
e m is s io n s  d a ta  i s  u n a v a ila b le  f o r  m ost m a jo r in d u s t r y  and o th e r  a re a  
so u rce s  (hone  h e a t in g ,  road d u s t ,  a g r i c u l t u r a l  d u s t ,  and so f o r t h ) .
I n  o rd e r  to  c o u n te ra c t  the  la c k  o f  e m is s io n s  d a ta ,  v a r io u s  e s tim a ­
te s  o f  e n is s lo n s - r e la te d  v a r ia b le s  w ere coded in to  the  system . Among 
these  v a r ia b le s  a re  day o f the week, m on th , season , w eekend/w eekday, and 
p r e c ip i t a t i o n  in d e x .  A lth o u g h  these  v a r ia b le s  do n o t re p re s e n t  any one 
p a r t i c u la r  sou rce  d i r e c t l y ,  th e y  c e r t a i n l y  a re  an in d ic a t io n  o f  the  
v a r ia t i o n  o f  c e r t a in  c la s s e s  o f  s o u rc e s .
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T a b le  3 p ro v id e s  a d e s c r ip t io n  o f  a l l  th e  v a r ia b le s  coded on to  the  
sys tem , u n i t s  o f  m e a su re , s t a r t  d a te s ,  and end d a te s .
A m b ie n t A i r  Q u a l i t y  D a ta
As d e s c r ib e d  above , a number o f  a m b ie n t a i r  q u a l i t y  p a ra m e te rs  w ere  
a v a i la b le  f o r  a n a ly s is .  N e a r ly  a l l  o f  the  a m b ie n t a i r  q u a l i t y  d a ta  w ere  
coded on to  the  SPSS sys tem . As i t  tu rn e d  o u t ,  some o f  th e  d a ta  w e re  
r a t h e r  l im i t e d  and p roved  to  be o f  no r e a l  h e lp  in  th e  a n a ly s is .  T o ta l 
h y d ro c a rb o n s  a re  an exam ple o f  t h i s  s in c e  th e  d a ta  w e re  a v a i la b le  f o r  
o n ly  a v e ry  l im i t e d  p e r io d  o f  a p p ro x im a te ly  e ig h t  m on th s . The fo l lo w in g  
v a r ia b le s  w ere  chosen and coded in to  the  sys tem .
T o ta l Suspended P a r t i c u la t e
T o ta l suspended p a r t i c u la t e  (TSP) was a v a i la b le  a t  s ix  s i t e s  i n  o r  
n e a r B i l l i n g s .  O n ly  the  C e n tra l P a rk  and Lockwood s i t e s  w ere  e x lu s iv e ly  
MAPS s i t e s ,  w h ile  the  o th e r  f o u r  s i t e s  w ere  in  o p e r a t io n  d u r in g  the  
s tu d y , b u t o p e ra te d  by the  Y e llo w s to n e  C ounty A ir  P o l lu t io n  A gency.
These fo u r  s i t e s  w ere o p e ra te d  one day in  e v e ry  s ix  as p a r t  o f  the  
n a t io n a l  a i r  m o n ito r in g  s c h e d u le . T a b le  4 in d ic a te s  th e  a p p ro x im a te  
lo c a t io n  o f  these  and the upper a i r  m o n ito r in g  s i t e s .  A l l  a v a i la b le  
d a ta  w ere  e n te re d  in to  the  SPSS system  f o r  a l l  s ix  s i t e s .  The d a ta  w ere  
a v a i la b le  o n ly  as 2 4 -h o u r a ve rag e s  (m id n ig h t  to  m id n ig h t ) .
In h a la b le ,  C o a rse , and F in e  P a r t i c u la t e .
The g r e a te s t  amount o f  these  d a ta  was a v a i la b le  a t  C e n tra l P a rk .
The d a ta  spans a p p ro x im a te ly  Septem ber 1978 th ro u g h  A p r i l  1980. A l l
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T ab le  3
SPSS Coded D a ta  -  A l l  V a r ia b le s
A p p ro x . A p p ro x .
L o c a t io n V a r ia b le U n it s S t a r t  D ate End Date
C e n tra l P ark TSP ug/m3 6 /7 8 4 /8 0
C e n tra l P a rk F in e ug/ra3 9 /7 8 4 /8 0
C e n tra l P ark Coarse ug/m^ 9 /7 8 4 /8 0
C e n tra l P ark In h a la b le ug/m^ 9 /7 8 4 /8 0
C e n tra l P ark Alum inum -M ug/ta^ 11 /78 4 /8 0
C e n tra l P ark A rs e n ic -H V ug/m% 6 /7 8 4 /8 0
C e n tra l P ark A rs e n ic -M ug/m3 12 /78 4 /8 0
C e n tra l P ark Cadm ium—HV ug/m^ 6 /7 8 4 /8 0
C e n tra l P ark Cadm iura-M ug/ra^ 11 /78 4 /8 0
C e n tra l P ark Copper-HV ug/m^ 6 /7 8 4 /8 0
C e n tra l P ark Copper-M ug/ra^ 11 /78 4 /8 0
C e n tra l P ark Iro n -M ug/m ^ 6 /7 8 4 /8 0
C e n tra l P ark Lead-HV ug/m ^ 6 /7 8 4 /8 0
C e n tra l P ark L e a d -tl ug/m ^ 11 /78 4 /8 0
C e n tr a l P ark Manganese-HV ug/m^ 6 /7 8 4 /8 0
C e n tra l P ark Manganese-M ug/m3 11 /7 8 4 /8 0
C e n tra l P ark N ic k e l-H V ug/m^ 6 /7 8 4 /8 0
C e n tra l P ark Z in c -M ug/m3 11/78 4 /8 0
C e n tra l P ark N it r a te -H V u g /n ^ 6 /7 8 4 /80
C e n tra l P ark S u lfa  te - llV ug/m^ 6 /7 8 4 /8 0
C e n tra l P ark S u l fu r
D io x id e ppm 7 /7 8 4 /8 0
C e n tra l P ark N it ro g e n
D io x id e ppm 7 /7 8 4 /8 0
C e n tra l Park Ozone ppm 7 /7 8 4 /8 0
C e n tra l Park Wind Speed m e te r /s e c 10 /79 3 /80
C e n tr a l P ark Wind C a rd in a l
D i r e c t io n D ir e c t io n 10/79 3 /8 0
Vo-Tech S t a b i l i t y Pa s q u i l l 9 /7 8 3 /8 0
A i r p o r t W in d  S pe ed m e te rs /  sec 4 /7 8 4 /8 0
A i r p o r t Wind C a rd in a l
D i r e c t io n D ir e c t io n 4 /7 8 4 /8 0
A i r p o r t T e m p e ra tu re c e n t ig ra d e 4 /7 8 4 /8 0
A i r p o r t Dew P o in t c e n t ig ra d e 4 /7 8 4 /8 0
A ir p o r t S ta t io n
P re s s u re m i l l im e te r s 4 /7 8 4 /8 0
A i r p o r t V i s i b i l i t y m ile s 4 /7 8 4 /8 0
A i r p o r t P r e c ip i  t a t io n in c h e s  x  100 4 /7 8 4 /8 0
A i r p o r t P r e c ip i  t a t io n
In d e x * * * * * * * 4 /3 0 4 /8 0
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T ab le  3 C on tin u ed
A p p ro x . A p p ro x ,
L o c a t io n V a r ia b le U n it s S t a r t  D a te End D
C i t y  H a l l TSP ug/ra^ 1 /77 5 /8 0
KGHL TSP ug/m3 1 /77 5 /8 0
Grand A ve . Sch. TSP ug/ra^ 1 /77 5 /8 0
Lockwood S choo l TSP u g /o r 4 /7 9 4 /8 0
Lockwood S choo l F in e ug/m3 5 /7 9 4 /8 0
Lockwood S choo l Coarse ug/m^ 5 /7 9 4 /8 0
Lockwood S choo l In h a la b le ug/m^ 5 /7 9 4 /8 0
W here: ug/m^
TSP 
F in e  
C oarse 
In h a la b le  
HV 
M
C a rd in a l
D i r e c t io n
m ic ro g ra m s  p e r c u b ic  m e te r
T o ta l Suspended P a r t i c u la t e
f in e  p a r t i c l e s  ( le s s  th a n  2 ,5  m ic ro n s )
co a rse  p a r t i c le s  (b e tw e e n  15 and 2 .5  m ic ro n s )
in h a la b le  p a r t i c le s  ( le s s  th a n  15 m ic ro n s )
h ig h  vo lum e sa m p le r
membrane sam p le r
p re d o m in a n t w ind  d u r in g  the  2 4 -h o u r p e r io d  
coded o n ly  as one o f  9 c la s s e s :
0=calm  l= n o r th
2 = n o r th e a s t 3 = e a s t 4 = s o u th e a s t 5 = s o u th  
6==southwest 7= w est 8= n o r th w e s t.
P a s q u i l l  = s t a b i l i t y  c la  ses d e f in e d  by P a s q u i l l ,  coded as; 
1=A 2=B 3=C 4=D 5=E 6=F
N ote  :
Numerous o th e r  v a r ia b le s  w ere  added and used from  t im e - to - t im e  
th ro u g h o u t the a n a ly s is .  These v a r ia b le s ,  such as f a c t o r  s c o re s , w ere  
n o t p re s e n te d  h e re  because th e y  were o n ly  te m p o ra ry  in  n a tu re  used 
d u r in g  a s in g le  com pu te r ru n .  O th e r v a r ia b le s  w e re  m o d if ie d  from  t h i s  
o r i g in a l  l i s t  and w ere a ls o  used f o r  s in g le  co m p u te r ru n s .
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T able  4
A i r  M o n ito r in g  L o c a t io n  D e s c r ip t io n s
D e s c r ip t io n
The C e n tra l P ark  m o n ito r in g  s i t e  was lo c a te d  one 
b lo c k  o f f  o f C e n tra l A ve . in  C e n tra l P a rk . I t  
was lo c a te d  a p p ro x im a te ly  on the  n o r th e r n  edge o f  
the  p a rk  j u s t  s l i g h t l y  (5 0  m e te rs )  w e s t o f  the  
c e n te r .  I t  was lo c a te d  n e x t  to  an unpaved a l le y  
(1 5  m e te rs )  and 15 m e te rs  due e a s t  o f  the  s c h o o l 
a d m in is t r a t io n  b u i ld in g  and w o rksh op . I t  was o n ly  
5 m e te rs  n o r th  o f  the  te n n is  c o u r ts  and c o u ld  be 
d e s c r ib e d  as b e ing  on the  c o rn e r  o f  9 th  S t .  W. and 
Cook A ve . The s i t e  was r e s id e n t ia l  in  n a tu re  
a lth o u g h  i t  was one c i t y  b lo c k  (a p p r o x im a te ly  150 
m e te rs )  fro m  a busy avenue (C e n tra l A v e . ) .  The 
p ro b e s  w ere  a p p ro x im a te ly  3 .5  m e te rs  from  the  
g ro u n d .
C i t y  H a l l  m o n ito r in g  s t a t io n  was lo c a te d  on th e  
r o o f  o f  the  c i t y  h a l l  b u i ld in g  w h ich  i s  betw een 
2nd and 3 rd  A ve. N. on 2 7 th  S t .  N. The sam p le rs  
w e re  a p p ro x im a te ly  15 m e te rs  above th e  g round  and 
c o u ld  be c h a r a c te r iz e d  as th e  C e n tra l B u s in e s s  
D i s t r i c t .  The a re a  was s u b je c te d  to  heavy t r a f f i c  
f lo w  in  the  downtown s e c t io n .  T here  was p ro b a b ly  
heavy t r a f f i c  f lo w  th ro u g h o u t th e  week, p a r­
t i c u l a r l y  Monday th ru o u g h  S a tu rd a y .
The KGHL m o n ito r in g  s t a t io n  was lo c a te d  a t  th e  
KGHL t r a n s m i t t in g  f a c i l i t i e s  on  the  f ro n ta g e  road 
on the s o u th  s id e  o f  I n t e r s t a t e  90. The s i t e  i s  
a p p ro x im a te ly  3 .7 5  m ile s  w e s t o f  B i l l i n g s  j u s t  o f f  
o f  H ighway 10 ( f r o n ta g e  ro a d ) .  The sa m p le r s i t s  
on the  ro o f  o f  the  KGHL r a d io  s t a t io n  house and i s  
a p p ro x im a t le y  30 m e te rs  from  the  f ro n ta g e  road and 
a b o u t 30 m e te rs  from  I n t e r s t a t e  90 . The sam p le r 
i s  a p p ro x im a te ly  4 m e te rs  above g ro u n d . The a re a  
c o u ld  be g e n e r a l ly  c la s s i f ie d  as r u r a l  w i t h  some 
road  source  in f lu e n c e .
T h is  sam p le r i s  lo c a te d  a to p  o f  the  Grand A ve . 
S choo l In  B i l l i n g s .  The s c h o o l i s  lo c a te d  on the  
c o rn e r  o f  Grand A ve . and 1 3 th  S t .  W. The a re a  
c o u ld  be c h a r a c te r iz e d  as co m m e rc ia l w i t h  a heavy 
vo lum e o f  t r a f f i c  a long  Grand A ve . the  sa m p le r i s  
lo c a te d  on the  r o o f  a p p ro x im a te ly  5 m e te rs  above 
g ro un d  and abou t 25 m e te rs  from  Grand A ve.
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T ab le  4 C on tinued
Lockwood S cho o l The Lockwood S choo l s i t e  was lo c a te d  a p p ro x im a te ly
30 m e te rs  due w e s t o f  Lockwood S c h o o l.  The s c h o o l 
i s  n e a r th e  c o rn e r  o f  H ighway 87 (O ld  H a rd in  Road) 
and P ic c o lo  L an e . The sam p le r was lo c a te d  a to p  an 
a i r  m o n ito r in g  sa m p lin g  t r a i l e r  a p p ro x im a te ly  3 .5  
m e te rs  above the  g ro u n d . The sa m p le r was a c t u a l l y  
lo c a te d  j u s t  in s id e  a f o o t b a l l / r e c r e a t io n  a re a  f o r  
th e  s tu d e n ts .  A s m a ll unpaved s e rv ic e  road ra n  
w i t h in  10 m e te rs  o f  the  s a m p le r . The e s tim a te d  
t r a f f i c  on the  road w ou ld  be le s s  th a n  100 
v e h ic le s  p e r d a y . The n e a re s t  t r e e  was 25 m e te rs  
fro m  the  s a m p le r . The C o n t in e n ta l O i l  r e f in e r y  i s  
lo c a te d  a bo u t 2 .6  m ile s  to  the  WSW w h ile  the  Exxon 
r e f in e r y  and M ontana S u l fu r  a re  a p p ro x im a te ly  1 .2  
m ile s  to  the  n o r th  and 1 .3  m ile s  to  the  NNE 
r e s p e c t iv e ly .  The a re a  c o u ld  be c h a ra c te r iz e d  as 
a m ix  o f  r e s id e n t ia l  and i n d u s t r i a l .  Some r u r a l  
a c t i v i t i e s  a re  p r e v e la n t  a p p ro x im a te ly  2 m ile s  
fro m  the s a m p le r .
Vo-Tech S ite  The v o - te c h  s i t e  was used to  b a l lo o n  la u n c h in g s ,
u p p e r a i r ,  and s t a b i l i t y  d a ta .  The s i t e  was 
lo c a te d  a t  the  v o - te c h  s c h o o l on  C e n tra l A ve . a t  
a p p ro x im a te ly  S h i lo  Road. The s i t e  i s  r e l a t i v e l y  
f r e e  fro m  o b s t r u c t io n s  m aking i t  id e a l  f o r  b a l lo o n  
la u n c h e s .
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th re e  s iz e  ra n g e s  ( in h a la b le  -  le s s  th a n  15 m ic ro n s ,  co a rse  -  betw een
2 .5  and 15 m ic ro n s ,  and f in e  -  le s s  th a n  2 .5  m ic ro n s )  w ere  coded in to
the  sys tem . Some l im i t e d  d a ta  w e re  a ls o  a v a i la b le  a t  th e  Lockwood a i r
m o n ito r in g  s i t e .  The Lockwood d a ta  spans A p r i l  1979 th ro u g h  March 1980.
S u l fu r  D io x id e
S u l fu r  d io x id e  was m easured in  B i l l i n g s  a t  th e  C e n tra l P a rk  s i t e  
a lm o s t e x c lu s iv e ly .  The d a ta  w ere  a v a i la b le  in  o n e -h o u r a ve rag e s  and 
th e r e fo r e  s c a la r -a v e ra g e d  to  d e te rm in e  a s in g le  2 4 -h o u r number f o r  the  
SPSS sys tem . These d a ta  w ere c o l le c te d  betw een June 197 8 and J a n u a ry  
1980. A Thermo E le c t r o n  C o rp o ra t io n  Model 43 p u ls e d  f lu o re s c e n c e  ana­
ly z e r  was in s t a l l e d  a t  the  s i t e .  T h is  method i s  e x c lu s iv e  to  s u l f u r  
d io x id e  and does n o t c o n ta in  any a p p re c ia b le  p o s i t i v e  o r  n e g a t iv e  
b ia s e s  tow ard  o th e r  s u l f u r  compounds.  ̂ The same in s tru m e n t  and 
a v e ra g in g  a ls o  was a v a i la b le  a t  the  Lockwood s i t e .  The Lockwood s i t e ,  
h ow eve r, had v e ry  l i t t l e  d a ta  f o r  th e  p u rpo se s  o f  t h i s  p a p e r . L ess  th a n  
e ig h t  m onths o f  d a ta  w ere  c o l le c te d  w h ich  y ie ld s  l i t t l e  v a lu e  f o r  these  
p u rp o s e s . I t  was th e r e fo r e  d e c id e d  n o t to  code t h i s  d a ta  o n to  the 
system .
S u l fu r  d io x id e  has many man-made and n a tu r a l so u rc e s . I t  w ou ld  be 
sa fe  to  assume t h a t  a lm o s t 100 p e rc e n t o f  the s u l f u r  d io x id e  in  
B i l l i n g s  i s  a r e s u l t  o f  man’ s a c t i v i t i e s , 2 S u l fu r  d io x id e  i s  one o f  
the  m a jo r e m is s io n s  from  r e f in e r ie s ,  sugar p la n ts ,  and power p la n ts ,  
a l l  o f  w h ich  a re  in  o r  n e a r B i l l i n g s . ^  I t  w ou ld  n o t be u n re a so n a b le  
to  assume th a t  m ost s u l f u r  d io x id e  in  B i l l i n g  s i s  a r e s u l t  o f  v a r io u s  
in d u s t r ie s .
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N it ro g e n  D io x id e
N it ro g e n  d io x id e  was measured a t  the  C e n tra l P a rk  a i r  m o n ito r in g  
s t a t io n .  The same t im e -a v e ra g in g  in t e r v a ls  w ere  a p p lie d  as d e s c r ib e d  
f o r  s u l f u r  d io x id e .  The m easurem ent m ethod was c h e n ilu m in e s c e n s e  by 
use o f  a B e n d ix  C o rp o ra t io n  Model 8101 N0-N 02-N 0% a n a ly z e r .  T h is  ana­
ly z e r  m easures NO and NG^ by  use o f the  ch e ra ilum in esce n ce  o f  the 
r e a c t io n :
NO +  O3 ■■■■....................— NO2 +  O2 +  hv
w here  hv i s  a l i g h t  p a r t i c le  measured th ro u g h  use o f a p h o t o m u l t ip l ie r  
tu b e .  NO2 i s  assumed to  be the  d i f f e r e n c e  o f  NOx -  NO.4 The same d a ta  
l i m i t a t i o n  d e s c r ib e d  in  s u l f u r  d io x id e  a ls o  a p p lie d  f o r  n i t r o g e n  
d io x id e .  The Lockwood d a ta  th e r e fo r e  w ere  n o t coded .
N it ro g e n  o x id e  compounds g e n e r a l ly  can be c o n s id e re d  to be a r e s u l t  
o f  co m b u s tio n  and v a r io u s  c h e m ic a l in d u s t r ie s .  N i t r i c  o x id e  and n i t r o ­
gen d io x id e  a re  common compounds e ra in a tin g  from  a u to m o tiv e  e x h a u s t.
Ozone
Ozone was m easured e x c lu s iv e ly  a t  the  C e n tra l P a rk  s i t e ,  the  d a ta  
w ere  measured on an h o u r ly  b a s is  and c o n v e rte d  to a 2 4 -h o u r v a lu e  by 
a v e ra g in g  a l l  v a l id  h o u r ly  re a d in g s .  Ozone was measured u s in g  the ch e - 
m ilu m in e s c e n c e  te c h n iq u e  o f  the  B e n d ix  C o rp o ra t io n  Model 8002 ozone 
a n a ly z e r .  T h is  in s t ru m e n t  ta k e s  advan tage  o f  the  r e a c t io n  be tw een 
ozone and e th y le n e  to  p roduce  l i g h t  w h ic h  i s  measured by use o f a pho­
t o m u l t i p l i e r  tu b e . 6
Ozone i s  g e n e r a l ly  the  p ro d u c t o f  a r e a c t io n  among s u n l ig h t ,  o x i ­
des o f  n i t r o g e n ,  and h y d ro c a rb o n s .^  G e n e ra l ly  s p e a k in g , B i l l i n g s  has 
the  h ig h e s t  ozone c o n c e n t r a t io n  in  the  s ta te .
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M e te o r o lo g ic a l D a ta
As one w o u ld  suppose , m e te o ro lo g ic a l v a r ia b le s  g r e a t ly  in f lu e n c e  
the  c o n c e n t r a t io n  o f  a i r  p o l lu t a n t s  in  any l o c a l i t y .  I t  i s  im p o r ta n t
to  p o in t  o u t ,  h o w e ve r, t h a t  m e te o ro lo g ic a l c o n d it io n s  do n o t cause a i r
p o l l u t i o n ,  b u t m e re ly  a s s is t  i n  re d u c in g  c o n c e n tra t io n s  o r  e x a c e rb a te  
th e  c o n d i t io n .
T h e re  w ere two so u rces  o f  in fo r m a t io n  c o n c e rn in g  m e te o ro lo g y  i n  the  
B i l l i n g s  a re a : 1) R a t io n a l W eather S e r v ic e ,  and 2 )  A i r  Q u a l i ty  Bureau
(MAPS). The N a t io n a l W eather S e rv ic e  (NWS) has th e  m ost co m p le te  d a ta  
re c o rd  f o r  the  t im e s  o f  i n t e r e s t .  The MAPS d a ta ,  h ow eve r, w ere m ore 
a p p r o p r ia t e ly  lo c a te d  and re c o rd e d . The NWS s t a t io n  i s  lo c a te d  a t  
Logan I n t e r n a t io n a l  A i r p o r t  on the  r im s  above B i l l i n g s ,  a p p ro x im a te ly  
300 f e e t  above the  v a l le y  f l o o r .  The MAPS s t a t io n s ,  how eve r, w ere  
lo c a te d  a t  the  C e n tra l P a rk  s t a t io n  and a t  th e  w e s t end o f  B i l l i n g  s 
n e x t  to the  Vo—Tech c e n te r  on C e n tra l A venue. The MAPS s i t e s  w e re  p re ­
fe r r e d  s in c e  th e y  were lo c a te d  where th e  a i r  p o l lu t a n t s  w ere  b e in g  
m easured . As i s  many t im e s  the  c a s e , d a ta  c o m p le te n e s s  had to  be
b a lan ce d  w i t h  o v e r a l l  a c c u ra c y .
A co m p a riso n  was made betw een some o f  the  NWS d a ta  and the  MAPS 
d a ta .  A ppend ix  A i s  a d e s c r ip t io n  o f  the  co m p a riso n  and a s s o c ia te d  
r e s u l t s .  Based on t h i s  in fo r m a t io n ,  i t  was d e c id e d  to  use the  NWS d a ta  
s in c e  i t  was more co m p le te  th a n  th e  MAPS's d a ta .  The r e s u l t s  o f  
A p p e n d ix  A a ls o  in d ic a te s  t h a t  th e re  w o u ld  n o t be s ig n i f i c a n t  e r r o r s  
fro m  c a lc u la t io n s  reached  fro m  e i t h e r  d a ta  s e t e x c e p t f o r  w ind 
d i r e c t i o n .  Wind d i r e c t i o n ,  t h e r e fo r e ,  was n o t used in  any a n a ly s e s .
The f o l lo w in g  v a r ia b le s  w ere  co de d .
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Wind Speed
I t  was a n t ic ip a te d  th a t  w ind  speed w o u ld  p la y  a m a jo r r o le  in  
e x p la in in g  some o f  the  v a r ia n c e  seen w i t h  many a i r  p o l lu t io n  v a r ia b le s .  
In c re a s in g  w ind  speed w ou ld  g e n e r a l ly  d ec rea se  a i r  p o l l u t i o n ,  espe­
c i a l l y  p a r t i c u la t e s .
A l l  NWS d a ta  fro m  B i l l i n g s  a re  a v a i la b le  f o r  o n ly  a th re e -h o u r  
o b s e r v a t io n .  To c o n v e r t  these  d a ta  to  a 2 4 -h o u r v a lu e ,  an a r i t h m e t ic  
ave rag e  o f  th e  e ig h t  o b s e rv a t io n s  was em p loye d . The d a ta  a ls o  were 
coded to  m e te rs  p e r second on the  SPSS sys tem .
Wind D i r e c t io n
Wind d i r e c t io n  can be an in v a lu a b le  a id  to  d e te rm in e  e m is s io n  
so u rce s  t h a t  a re  h a v in g  a m a jo r  in f lu e n c e  on a i r  p o l l u t i o n  measured a t  
any  one s t a t io n .  Large  c o n c e n tr a t io n s  o f  a p o l lu t a n t  c o n s is te n t ly  
o c c u r ln g  from  one d i r e c t io n  may in d ic a te  a m a jo r so u rce  in  t h a t  
d i r e c t i o n .
The c o d in g  o f  these  d a ta  p ro ved  to  be more d i f f i c u l t  th a n  w ind 
speed. Average v a lu e s  do n o t seem a p p ro p r ia te  s in c e  f a ls e  d i r e c t io n s  
can be o b ta in e d .  F o r e xa m p le , i f  the  w ind  d i r e c t io n  w ere  n o r th w e s t f o r  
fo u r  o b s e rv a t io n s  (3 1 5 ° )  and the  o th e r  f o u r  o b s e rv a t io n s  were the  
n o r th e a s t  (4 5 ® ), the  a r i t h m e t ic  ave rage  w ou ld  be 180®. T h is  i s  c le a r l y  
n o t the " t r u e "  a ve rag e  d i r e c t i o n ,  as th e  ave rag e  d i r e c t io n  w ou ld  have 
been m ore a p p r o p r ia t e ly  fro m  the  n o r th .  I t  was d e c id e d  to  a v o id  t h i s  
p ro b le m  th ro u g h  the  use o f  p ré d o m in e n t (m os t f r e q u e n t ly  o c c u r in g )  w ind 
d i r e c t i o n .  To a c c o m p lis h  t h i s  g o a l ,  the  d a ta  w ere  coded by t l ie  
f o l lo w in g  :
a . Each o b s e rv a t io n  was c o n v e rte d  to  one o f  the  n in e  
c la s s e s :
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C la s s  D egrees D i r e c t io n
0 Calm Wind
1 337° to  22° N o r th
2 22° to  67° N o r th e a s t
3 67° to  112° E a s t
4 112° to  157° S o u th e a s t
5 157° to  202° S outh
6 202° to  247° S ou thw es t
7 247° to  292° West
8 292 ° to  337° N o rth w e s t
N o te : A l l  NWS d a ta  i s  coded to  the  n e a re s t  10 d e g re e s  o n ly .  The
MAPS d a ta  was coded to  the  n e a re s t  d e g re e .
b .  F o r each 2 4 -h o u r p e r io d ,  the  m ost f r e q u e n t ly  o c c u r in g  c la s s
(p ré d o m in e n t w ind d i r e c t io n )  f o r  c o d in g  to the  SPSS system .
c .  A FORTRAN p rog ram  was w r i t t e n  to  a c c o m p lis h  th e  above ta s k .
d .  In  th e  e v e n t o f  a t i e  be tw een  tw o c la s s e s ,  the  lo w e s t  number
c la s s  was ch ose n .
Dew P o in t
Dew p o in t  was coded in to  the  system  u s in g  the NWS d a ta  and an 
a r i t h m e t ic  ave rage  o f  the  e ig h t  th re e -h o u r  o b s e rv a t io n s .  Dew p o in t  was 
chosen because o f  i t s  m easure o f  the  amount o f  w a te r  v a p o r in  the  
a tm o s p h e re . Dew p o in t  i s  d e f in e d  as th e  te m p e ra tu re  a t  w h ic h  a g iv e n  
p a rc e l o f a i r  must be c o o le d ,  h e ld  a t  c o n s ta n t  p re s s u re ,  in  o rd e r  f o r  
s a tu r a t io n  to  o c c u r .  P i l o t s  lo n g  have used the  d i f f e r e n c e  betw een  tem­
p e ra tu re  and dew p o in t  to  in d ic a te  s a tu r a t io n  and hence p o s s ib le  
f r e e z in g  on the w in g s  and s t r u c tu r e  o f  any g iv e n  a i r c r a f t .
Dew p o in t  was b e lie v e d  to  be o f  some s ig n i f ic a n c e  s in c e  w a te r  in f lu e n c e s  
p a r t i c u la t e s .  The amount o f  w a te r  in  th e  a i r  can in f lu e n c e  the  ty p e s  o f  p a r­
t i c l e s  g e n e ra te d  by e m is s io n  so u rce s  and can in f lu e n c e  t h e i r  b e h a v io r  in  the  
a tm o s p h e re . Dew p o in t  was coded in  c e n t ig ra d e  on the  SPSS system .
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T e m p e ra tu re
T e m p e ra tu re  was ave raged  f o r  the  e ig h t  th re e r-h o u r o b s e rv a t io r ts  
u s in g  the  NWS d a ta .  T e m p e ra tu re  can be used to  e s t im a te  th e  seasons, 
and in  c o n ju n c t io n  w i t h  dew p o in t  and r e la t i v e  h u m id i ty ,  can  in d ic a te  
th e  amount o f  w a te r  v a p o r in  th e  a tm o s p h e re . The te m p e ra tu re  was coded 
in  d e g re e s  c e n t ig ra d e  on the  SPSS system .
R e la t iv e  H u m id ity
R e la t iv e  h u m id ity  was coded and used as a m easure o f  w a te r  v a p o r in  
th e  a tm o sp h e re . The u n i t s  o f  m easurem ent i s  p e rc e n ta g e . The r e l a t i v e  
h u m id ity  was c a lc u la te d  f o r  each th re e -h o u r  o b s e rv a t io n  b y  u s in g  the 
f o l lo w in g  ; ^
R e la t iv e  H u m id ity  = / l7 3  -  . I T  +  DP\
\  173 +  .9T  /
8
w h e re  : T = te m p e ra tu re  ( ° F )
DP = dew p o in t  ( ° F )
The 2 4 -hour v a lu e  was c a lc u la te d  by u s in g  the  mean o f  the  e ig h t  
o b s e rv a t io  n s .
V i s i b i l i t y
The w e a th e r o b s e rv e r  a t  th e  NWS codes v i s i b i l i t y  o f  the a tm osphe re  
e v e ry  th re e  h o u rs . T h is  i s  done by  o b s e rv in g  the  f a r t h e s t  d is ta n c e  one 
can see an o b je c t  c le a r l y .  In  t h i s  c a s e , i t  i s  done b y  o b s e rv in g  
v a r io u s  la n d  m arks w i t h  known d is ta n c e s .  An a r i t h m e t ic  average  a ls o  was 
em ployed w i t h  t h i s  v a r ia b le .  The v i s i b i l i t y  in  the  a tm osphere  w ou ld  be 
e xp e c te d  to c o r r e la t e  w i t h  p a r t i c u la t e s ,  e s p e c ia l ly  s m a ll p a r t i c le s ,  and 
to  some e x te n t  g a s e s . The d a ta  w ere  coded in  m i le s .
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S ta t io n  P re s s u re
S ta t io n  p re s s u re  was coded by  a v e ra g in g  each o f  the  e ig h t
o b s e r v a t io n s .  The s t a t io n  p re s s u re  i s  th e  b a ro m e tr ic  p re s s u re  o f  the
s i t e  w ith o u t  any  c o r r e c t io n s  to  sea l e v e l .  The d a ta  w e re  coded and
s to re d  on the  system  in  m i l l im e t e r s  o f  m e rc u ry .
T h is  p a ra m e te r p ro v id e s  an in d ic a t io n  o f  v a r io u s  w e a th e r phenomena 
o r  ch a n g in g  w e a th e r p a t te r n s .
P r e c ip i t a t io n
P r e c ip i t a t io n  d a ta  w ere a lr e a d y  re c o rd e d  in  2 4 -h o u r v a lu e s  f o r  the  
B i l l i n g s  a re a . These d a ta  w ere  in tro d u c e d  on to  the  system  in  in c h e s  o f  
p r e c ip i t a t io n  m u l t ip l ie d  by  100. P r e c ip i t a t io n  ca n  c le a r l y  have a m a jo r 
im p a c t on p a r t i c le s  in  the  a i r ,  as la r g e  am ounts o f  r a in  o r  snow can 
g r e a t ly  reduce  the  e f f e c t  o f  road d u s t ,  f i e l d  d u s t ,  and the  l i k e  on p a r­
t i c u la t e  c o n c e n tr a t io n s .
Snow on Ground
The amount o f  snow on the  g ro u n d , re c o rd e d  in  in c h e s , a ls o  was 
a v a i la b le  from  the  same sou rce  as p r e c ip i  t a t io n . ^  These d a ta  w ere  coded 
in t o  th e  system  in  in c h e s  o f  snow c o v e r .  The amount o f snow on the  
ground a ls o  se rve s  to  in f lu e n c e  the  p a r t i c u la t e  c o n c e n t r a t io n s .  Any 
a p p re c ia b le  amount o f  snow on the  g round  w ou ld  c e r t a i n l y  l i m i t  e m is s io n s  
fro m  f i e l d s ,  p la y g ro u n d s , and so f o r t h .  I t  w ou ld  p ro b a b ly  n o t l i m i t  the  
e m is s io n s  o f  m a jo r in d u s t r y  s ta c k s ,  assum ing the  in d u s t r y  p ro d u c t io n  
g e n e r a l ly  rem a ins  c o n s ta n t  th ro u g h o u t the  y e a r .
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E m iss io n s  R e la te d  D a ta  
As a lr e a d y  m e n tio n e d , s p e c i f ic  e m is s io n s  d a ta  w e re  n o t a v a i la b le  
f o r  the  B i l l i n g s  a re a . I t  was n e c e s s a ry , t h e r e fo r e ,  to  use in d ic a to r s  
o f  ty p e s  o f so u rce s  o f  a i r  p o l l u t i o n  r a t h e r  th a n  an a c tu a l  e m is s io n  
r a t e .  Each v a r ia b le  s e le c te d  p ro v id e s  some in s ig h t  as to  the  type  o f 
so u rce s  t h a t  may a f f e c t  th e  a m b ie n t a i r  q u a l i t y .
Day o f  the  Week
F o r each 2 4 -h o u r v a lu e ,  a v a r ia b le  was c a lc u la te d  to  re p re s e n t  th e  
day o f  the  week. The fo l lo w in g  scheme was coded :
Coded V a lu e  R e p re s e n ta t io n
1 Sunday
2 Monday
3 Tuesday
4 Wednesday
5 T h u rsda y
6 F r id a y
7 S a tu rd a y
I t  was b e l ie v e d  th a t  t h i s  v a r ia b le  can be an im p o r ta n t  in d ic a t o r  w i t h  
re s p e c t  to  m a n 's  a c t i v i t i e s .  F o r e xa m p le , th e re  i s  c l e a r l y  a d i f fe r e n c e  
betw een w ha t one does on Monday th ro u g h  F r id a y  v e rs u s  Sunday’ s 
a c t i v i t i e s .  Each o f  the  days o f  the  week may be a s s o c ia te d  w i t h  d i f ­
f e r e n t  k in d s  o f  a c t i v i t i e s .  M a jo r in d u s t r ie s ,  on th e  o th e r  hand , 
u s u a l ly  have a c o n t in u o u s  o p e r a t io n  t h a t  i s  in d e p e n d e n t o f  the  day o f 
the  week. T h is  p ro v id e s  an o p p o r tu n i t y  to  d i f f e r e n t i a t e  be tw een  th e  
e f f e c t s  o f  m an 's  d a y - to -d a y  a c t i v i t i e s ,  w h i le  h o ld in g  m a jo r in d u s t r y  
e m is s io n s ,  as a r e s u l t  o f  p ro d u c t io n ,  a t  a c o n s ta n t .  Sunday i s  l i k e l y  
to  be a key day f o r  t h i s  a n a ly s is  s in c e  a u to m o b ile  t r a f f i c  w ou ld  l i k e l y  
be a m inimum on t h a t  d ay .
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Weeday/Weekend
I t  was a n t ic ip a te d  t h a t  th e  c o d in g  o f  each day o f the  week m ig h t 
cause some d i f f i c u l t y  in  a n a ly s is  f o r  s m a ll d a ta  s e ts .  I t  a ls o  was 
a n t ic ip a te d  th a t  the  d i f f e r e n c e s  betw een the  days o f  the  week c o u ld  be 
condensed in to  o n ly  two c a te g o r ie s :  weekday and w eekend, w h ic h  w ere
coded as f o l lo w s :
Coded V a lu e  R e p re s e n ta t io n
1 Sundays and H o lid a y s
H o lid a y s :  New Year
E a s te r  
J u ly  4 
L a b o r Day 
T h a n k s g iv in g  
C h ris tm a s
2 Weekdays
T h is  v a r ia b le  was coded to  ease n o t o n ly  some o f  the  r e s t r a in t s  w i t h  
re g a rd s  to  s m a ll d a ta  s e ts ,  b u t a ls o  to  eaæ  c a lc u la t io n  and 
in t e r p r e t a t i o n .  I t  does n o t p ro v id e  any s ig n i f i c a n t  in fo r m a t io n  beyond 
the  day o f  the week c o d in g ,  e xce p t to  add h o l id a y s  to  the a n a ly s is .  No 
d i s t i n c t i o n  i s  made in  e i t h e r  the  day o f  the  week v a r ia b le  n o r in  th e  
weekend/w eekday v a r ia b le  betw een y e a rs .
Season
A lm o s t a l l  a i r  p o l l u t i o n  d a ta  e x h i b i t  a la rg e  d eg ree  o f  v a r ia n c e  
betw een each season . I t  f o l lo w s ,  t h e r e fo r e ,  t h a t  a c o d in g  o f the  season 
w ou ld  be a l o g ic a l  method to  d is t in g u is h  s o u rce s  and v a r ia t io n .  Each 
season , p a r t i c u la r l y  summer and w in t e r ,  y ie ld s  d i f f e r e n t  ty p e s  o f  a i r  
p o l l u t i o n  s o u rc e s . O u td o o r a c t i v i t i e s  a re  g r e a t l y  in c re a s e d  in  the
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summer, in c lu d in g  a u to m o tiv e  t r a f f i c ,  as opposed to  th e  w in te r  (se e  
T a b le s  5 and 6 ) .  A c o m p a r is o n  o f  a i r  p o l lu t io n  v a lu e s  w i t h in  each 
season may be m a n d a to ry  f o r  some a n a ly s e s .  The d a ta  w e re  coded as 
fo l lo w s  ;
Coded V a lu e  R e p re s e n ta t io n
1 W in te r  (Decem ber 1 th ro u g h  F e b . 28 )
2 S p r in g  (M arch I th ro u g h  May 31 )
3 Summer (Ju n e  1 th ro u g h  A ug u s t 31)
4 F a l l  (S ep tem ber 30 th ro u g h  N ov. 30)
As in  the  cases  a bo ve , no d is c r im in a t io n  was made be tw een  the  y e a rs .  
M onth
As an a id  in  th e  a n a ly s is  o f  th e  d a ta 's  t re n d s  and y e a r ly  
f lu c t u a t io n s ,  a m o n th ly  v a lu e  was co de d . T h is  v a r ia b le  was used n o t 
o n ly  to  g ra p h  the  d a ta ,  b u t  a ls o  as an a id  to  i n t e r p r e t  seasona l 
v a r ia t io n s .  The fo l lo w in g  fo rm  was u sed :
Coded V a lue  R e p re s e n ta t io n
1 J a n u a ry , 197 7
2 F e b ru a ry , 1977
3 M arch , 1977
40 A p r i l ,  1980
41 May, 1980
P r e c ip i t a t io n  In d e x
A lth o u g h  t h i s  v a r ia b le  i s  p e rh a p s  p u r e ly  a m e te o ro lo g ic a l one , i t  
i s  d is c u s s e d  h e re  s in c e  an in d e x  was d e ve lo p ed  to  e x p la in  more s p e c i f i ­
c a l l y  the  v a r ia n c e  i n  the  p a r t i c u la t e  d a ta .  P r e c ip i t a t io n  a lo n e  nay  n o t 
r e f l e c t  changes in  p a r t i c u la t e  d a ta  s in c e  the  p r e c ip i t a t io n  d a ta  a re  
re c o rd e d  on th e  same day as the  m o n ito r in g  d a ta .  As an exam ple o f  t h i s  
p ro b le m , i t  w ou ld  n o t be u n u su a l to  have a s ig n i f i c a n t  r a i n f a l l  from  a 
th u n d e rs to rm  in  la t e  a f te r n o o n .  By la t e  a f te r n o o n ,  h o w e ve r, the  p a r­
t i c u la t e  m o n ito r in g  have a lr e a d y  been o p e ra te d  f o r  15 to  20 h o u rs . T h is
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B i l l i n g s  T r a f f i c  
Grand Avenue ( S i t e :  A -2 2 ) 
1977
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M onth Sunday Monday Tue sday Wednesday Thur sday F r id a y S a tu rd a y
J a n u a ry 13,980 2 1 ,0 55 20,294 20 ,548 21,212 2 2 ,321 18,531
F e b ru a ry 17,567 23,674 22,418 22 ,499 23,349 26,417 25,761
M arch 17,338 2 3 ,2 10 22 ,231 22,551 23 ,7 30 2 6 , 3 1 4 26,561
A p r i l 17 ,392 24 ,0 9 8 23 ,805 23,749 24 ,653 27,237 25 ,759
May 17 ,240 21,829 24 ,265 2 3 ,6 56 24 ,946 27 ,202 2 4 ,8 6 8
June 18 ,305 2 3 ,8 5 0 24,247 24,082 25 ,636 2 7 ,2 23 25 ,153
J u ly 16,747 21,829 23 ,499 2 4 ,545 2 4 ,6 24 26,218 22,727
A u g u s t 18,693 24,794 24 ,232 24,399 2 5 ,0 3 3 27,049 25,090
S eptem ber 16,961 22,222 24 ,0 14 2 2 ,9 9 8 24,590 27,541 24 ,754
G oto b e r 16,908 23,288 2 3 ,125 2 3 ,123 2 4 ,3 44 27,116 25 ,6 24
November 15,959 22 ,258 22 ,768 2 3 ,247 20 ,567 24 ,521 2 2 ,4 2 3
December 14,359 21,391 23 ,707 23,681 24 ,368 24,601 24,284
D a i ly  Mean 16,787 22,792 23,217 23 ,2 5 6 23,291 26,147 24,219
f o r  Year
N o te : A l l v a lu e s  a re in  u n i t s  o f v e h ic le s p e r day
M o n th ! y  Mean
19,528
23,162
2 2 ,9 8 8
23,992
2 3 ,2 0 4
2 4 ,1 2 3
2 2 ,7 89
2 4 ,2 1 2
23,482
2 3 ,2 2 4
2 1 ,7 6 6
2 2 ,5 4 2
22,918
S o u rc e : M ontana D epa rtm en t o f  H ighw ays , "A u to m a tic  R e co rd e r D a ta  b y  M o n th s ,"  H e le n a , MT,
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B i l l i n g s  T r a f f i c  
Grand Avenue ( S i t e :  A -2 2 ) 
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M onth Sunday Monday Tue sday Wednesday T hursday F r id a y S a tu rd a y
J a n u a ry 12,653 18,547 29 ,3 22 19 ,524 20 ,509 23 ,426 21,238
F e b ru a ry 14,977 21 ,422 21,492 20,128 21 ,397 2 3 ,5 79 2 2 ,5 4 2
M arch 12,155 16,838 16,317 17,458 17,809 19 ,977 19 ,414
A p r i l 16,649 2 2 ,335 21,831 21,647 24 ,3 32 27 ,509 24 ,263
May 17,095 21,829 24 ,1 45 23,881 24 ,946 27 ,202 24 ,867
June 12,610 15,680 16,216 17,787 20 ,632 2 2 ,253 18 ,840
J u ly 16,841 23 ,657 2 0 ,979 25 ,077 25 ,7 03 27,681 22,917
A u g u s t 18,468 24 ,755 24 ,723 24 ,897 25 ,836 27,084 24 ,945
Septem ber 17,780 22 ,4 10 24,251 23 ,840 2 4 ,4 6 8 2 7 ,5 00 2 4 ,7 5 5
O c to b e r 16,851 23,193 23,141 23 ,123 2 4 ,3 6 9 27,116 25, 385
November C o u n te r h i t  b y  c a r  -N o t re p a ire d o r  rep  la c  ed -
December " "
M o n th ly  Mean
1 9 ,232
20,791
17,262
22,509
2 3 ,4 1 0
18,173
22,827
24,461
2 3 ,7 4 2
23,341
■D
CD N o te : A i l  v a lu e s  re c o rd e d  in  u n i t s  o f  v e h ic le s  p e r day
C/)
C/)
S o u rc e : M ontana D epartm en t o f  H ighw ays , "A u to m a tic  R e co rde r D a ta  b y  M o n th s ,"  H e le n a , NT
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p re s e n ts  a p ro b le m  s in c e  the  r a i n f a l l  w i l l  n o t g e n u in e ly  r e f l e c t  on the  
p a r t i c u la t e  m easurem ent o f  the  d a y . The n e x t  d ay , h o w e ve r, m ig h t be 
have some r e la t io n s h ip  to  the  r a i n f a l l  o f  the  p re v io u s  a f te r n o o n .  An 
in d e x  was d e v e lo p e d , based on c o n v e rs a t io n s  w i t h  Bob B o ld i 
(E n v iro n m e n ta l S tu d ie s  s tu d e n t a t  the  U n iv e r s i t y  o f  M o n ta n a ), u s in g  the  
w e ig h t in g  o f  the  r a i n f a l l  on the  day o f  the  a i r  m o n ito r in g  m easurem ent 
w i t h  the  fo u r  days p r i o r  to  the  m easurem ent.
The purpose  o f t h i s  ty p e  o f  an in d e x  was to  p a r t i a l l y  ta ke  in to
a c c o u n t t h i s  typ e  o f phenomena: the  a f f e c t  r a in  has  on p a r t i c u la t e
s e v e ra l days a f t e r  the  o ccu ra n ce  o f  the  r a i n .  The in d e x  a tte m p ts  to
p la c e  a d e c re a s in g  em phas is  on the  r a i n f a l l  f o r  each p a ss in g  day up to
fo u r  d a y s . The re a s o n  f o r  em phas is  on p a s t p r e c ip i t a t i o n  i s  t h a t  r a in
w i l l  tend  to h o ld  p a r t i c le s  down on the  s o i l  and ro a d s  f o r  as lo n g  as
th e re  e x is t s  some m o is tu re  in  the  d u s t  o r  s o i l .  The in d e x  can b e s t  be
i l l u s t r a t e d  th ro u g h  the  fo l lo w in g  exam p le .
Day # 1 2 3 4 5 6 7 8 9  10
P r e c ip i t a t io n  5 20 10 0 5 5 10 13 0 0
P r e c ip i t a t io n  In d e x  f o r  Day 7 = 10/1 +  5 /2  +  5 /3  +  0 /4  +  10/5  = 16 .2
P r e c ip i t a t io n  In d e x  f o r  Day 8 = 15/1 +  10 /2  + 5 /3  +  5 /4  +  0 /5  == 22.9
P r e c ip i t a t io n  In d e x  f o r  Day 9 = 0 /1  +  15 /2  +  10/3  +  5 /4  + 5 /5  = 13.1
In  each c a s e , the  p r e c ip i t a t io n  f o r  the  m easurem ent day i s  d iv id e d  by 
th e  number o f  days e la p se d  p lu s  1 and summed f o r  the  fo u r  p re v io u s  d a y s . 
T h is  in d e x ,  t h e r e fo r e ,  ta k e s  in to  a c c o u n t the  amount o f  r a in  re c e iv e d  
o v e r the  p a s t fo u r  days and p la c e s  le s s  s ig n i f ic a n c e  on th e  p a s t days by 
d iv id in g  by the  number o f  days e la pse d  p lu s  o n e . To s im p l i f y  the  
p ro c e s s , the  d a ta  w ere  coded to  the  n e a re s t  w ho le  num ber. A FORTRM 
p rogram  was w r i t t e n  to  p e r fo rm  the  in d e x  c a lc u la t io n .
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T r a f f i c  D ata
The number o f  v e h ic le s  p a s s in g  a g iv e n  in t e r s e c t io n  in  one day 
o u g h t to  a s s is t  any  a n a ly s is  on th e  im p a c t o f  v e h ic le s  on a i r  p o l l u t i o n .  
I t  w ou ld  be re a s o n a b le  to  e x p e c t c e r t a in  r e la t io n s h ip s  to  d e ve lo p  b e t ­
ween t r a f f i c  c o u n ts  and a i r  p o l lu t io n  d a ta ,  i f  v e h ic le s  a re  h a v in g  a 
m a jo r in f lu e n c e  on th e  a m b ie n t a i r  q u a l i t y  le v e ls .
A perm anen t t r a f f i c  c o u n te r  was in s t a l le d  in  B i l l i n g s  s e v e ra l ye a rs
ago . As lu c k  w ou ld  have i t ,  th e  t r a f f i c  c o u n te r  was s t r u c k  by a c a r  in
Novem ber, 1978. U n fo r tu n a te ly ,  th e  H ighw ay D e p a rtm en t has n e i t h e r  
re p a ire d  n o r re p la c e d  the  t r a f f i c  c o u n te r  d e v ic e .  Some d a ta ,  how eve r, 
w ere  sa lva ge d  fro m  t h e i r  p a r t i a l  o p e r a t io n  d u r in g  the  t im e  o f  s tu d y , and
a re  p re s e n te d  in  T a b le s  5 and 6 . The d a ta  c l e a r l y  in d ic a t e  as  p re ­
v io u s ly  s u s p e c te d , t h a t  th e  t r a f f i c  p a t te rn s  v a ry  n o t o n ly  from  season 
to  season , b u t a ls o  from  day to  day . Sunday has th e  o v e r a l l  lo w e s t 
t r a f f i c  w i th  a tw o -y e a r  ave rag e  o f  16,816 v e h ic le s  p e r d ay . The la r g e s t  
t r a f f i c  vo lum e day was F r id a y  w i t h  an ave rage  o f  2 6 ,5 8 7  v e h ic le s  p e r 
d a y , an in c re a s e  o f  58 p e rc e n t  above Sunday. The a ve rag e  t r a f f i c  volum e 
f o r  each m onth and day o f  the week a re  l i s t e d  in  th e  ta b le s .
The l im i t e d  t r a f f i c  d a ta  a v a i la b le  c o n firm e d  the  p re v io u s  h ypo the ­
s is  t h a t  m an 's  a c t i v i t i e s ,  a t  le a s t  in  te rm s  o f  v e h ic le  t r a f f i c ,  change 
fro m  season to  season and day to d a y . I f  v e h ic le s  do a f f e c t  a i r  p o l lu ­
t io n  re a d in g s ,  one o u g h t to  be a b le  to  o b se rve  a r e la t io n s h ip  betw een 
days o f  the  week and v e h ic le s  p e r d a y , a t  le a s t  w i t h in  any one season .
E le m e n ta l A n a ly s is
The h ig h -v o lu m e  f i l t e r s  and some membrane sam ples w ere  a n a ly z e d  f o r  
t h e i r  e le m e n ta l c o m p o s it io n .  In  each in s ta n c e  a p o r t io n  o f  the  f i l t e r s
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was t re a te d  to  remove the p a r t i c u la t e .  The p a r t i c u la t e s  w ere th e n  ana­
ly z e d  th ro u g h  th e  use o f  a b s o rp t io n  s p e c tro p h o to m e try  f o r  e le v e n  e le ­
m e n ts  o r  io n s ,  as f o l lo w s ;
A lum inum (A l )
A rs e n ic (A s)
Cadm ium (Cd)
Copper (Cu)
I r o n (F e )
Lead (Pb)
Manganese (Mn)
N ic k e l ( N i)
Vanadium (V)
N i t r  a te (NO3 )
S u l f a te (SO4)
S e v e ra l p ro b le m s  d e ve lo p ed  d u r in g  the a n a ly s is  o f  th e  f i l t e r s .  The h i -  
v o l  f i l t e r s  w ere n o t w ith o u t  some backg round  c o n c e n tr a t io n s  o f  some 
m e ta ls  in  the  f i l t e r .  I t  was found  t h a t  a lu m in um , I r o n ,  and z in c  had 
th e  m ost v a r ia b le  c o n c e n tr a t io n s .  Because o f  the  h ig h  d eg re e  o f  
v a r i a b i l i t y ,  i t  was d e c id e d  n o t to  use the h i - v o l  d a ta  f o r  these  
e le m e n ts . The membrane d a ta  w ere  used in  t h e i r  p la c e .  The membrane 
d a ta  w ere  n o t used e x c lu s iv e ly  f o r  a l l  e le m e n ts  s in c e  th e  d a ta  s e t  f o r  
t h i s  v a r ia b le  was s m a lle r  th a n  t h a t  f o r  the h i - v o l .  T h is  l i m i t a t i o n  
c o u ld  cause some e r r o r s  in  a n a ly s is  when m aking d i r e c t  co m p a rison s  b e t­
ween one m e ta l and a n o th e r .  The membrane sa m p le r has a lo w e r a i r  f lo w ,  
w h ic h  w ou ld  tend to  m easure s m a lle r  p a r t i c le s  th a n  th e  h i - v o l .  F o r t h i s  
re a s o n , no d i r e c t  co m p a riso n s  were made be tw een m e ta ls  as  measured by 
d i f f e r e n t  f i l t e r s .  I t  a ls o  tu rn e d  o u t t h a t  l i t t l e  to  no vanad ium  was 
d is c o v e re d  on any o f  the  f i l t e r s .  N e a r ly  e v e ry  a n a ly s is  f o r  vanad ium  
produced v a lu e s  nea r o r  b e lo w  the  d e te c t io n  l i m i t .  T h is  r e s u l t  was 
found  c o n s is t e n t ly  in  a l l  MAPS c o m m u n itie s . I t  was somewhat s u p r is ln g  
s in c e  i t  was e xp e c te d  to  f in d  some vanad ium  as a r e s u l t  o f  d ie s e l 
e x h a u s t.  Vanadium , t h e r e fo r e ,  was n o t coded onto  the  system .
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The e le m e n ta l d a ta  can p ro v id e  a v e ry  u s e fu l t o o l  to  d e te rm in e  d i f ­
f e r e n t  a i r  p o l lu t io n  s o u rc e s , as so u rces  o f  a g e n e ra l c a te g o ry  o r  c la s s  
tend  to  have s im i la r  ty p e s  o f  e le m e n ts . F o r e xa m p le , a u to m o b ile  e x h a u s t 
c h a r a c t e r i s t i c a l l y  e m its  more le a d  and b rom in e  th a n  w ou ld  be found  in  
th e  e a r th ’ s c r u s t .  A lum inum , s i l i c o n ,  and i r o n  a re  t y p ic a l  e le m e n ts  
fro m  the  s o i l ,  and so f o r t h .
S t a t i s t i c a l  M ethods
Each a n a ly s is  chosen had i t s  own b u i l t - i n  a d va n ta g e s  and 
d is a d v a n ta g e s . The number o f  v a r ia b le s  a f f e c t in g  p a r t i c u la t e  d a ta  I s  
a lm o s t o v e rw h e lm in g . T h is  p a p e r, th e r e fo r e ,  ta k e s  a s te p -b y -s te p  
app ro a ch  u s in g  d i f f e r e n t  a n a ly s e s  and co m p a rison s  and th e n  com bines the  
r e s u l t s  o f  each a n a ly s is  in t o  an o v e r a l l  summary and c o n c lu s io n .
When c o n fro n te d  w i t h  the  p rob lem  o f  d e te rm in in g  the  sources  and 
th e  c h a r a c t e r is t ic s  o f p a r t i c u la t e  d a ta ,  many ty p e s  o f  a n a ly s is  m ust be 
c o n s id e re d .  No s in g le  a n a ly s is  f o r  t h i s  d a ta  s e t  w ou ld  be l i k e l y  to  
p ro v id e  o ve rw he lm in g  e v id e n c e  f o r  so u rce  a p p o r t io n m e n t.  The b e s t one 
can  hope fo r  i s  t h a t  each a n a ly s is  w i l l  p ro v id e  some c lu e  o r  in fe r e n c e  
in t o  w hat sou rces  cause o r  s i g n i f i c a n t l y  c o n t r ib u te  to  p a r t i c u la t e  a i r  
p o l l u t i o n .  The a n a ly s e s  used in  t h i s  p a p e r , t h e r e fo r e ,  do n o t in  and o f 
th e m se lve s  p ro v id e  s p e c i f i c  answ e rs . H ow ever, the  r e s u l t s  o f  s e v e ra l 
v a r ie d  a n a ly s e s  s u r e ly  can le a d  one to  some b a s ic  c o n c lu s io n s  re g a rd in g  
so u rce  c o n t r ib u t io n s .
The a p p ro a che s  ta ke n  a re  g e n e r a l ly  s t a t i s t i c a l  in  n a tu r e .  The 
f o l lo w in g  typ e s  o f  a n a ly s is  were used in  the  p a p e r .  A s h o r t d e s c r ip t io n  
o f  the u s e fu ln e s s  o f  each method i s  p ro v id e d .
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F re q ue n cy  D is t r i b u t io n s
The fre q u e n c y  o f  o c c u rre n c e  o f  p a r t i c u la t e  re a d in g s  o f t e n  a id s  in  
d e te rm in in g  the  so u rce  o r  sou rces  re s p o n s ib le  f o r  the  a i r  m o n ito r in g  
re a d in g s .  For e xam p le , a number o f  a u th o rs  p o in t  o u t t h a t  p a r t i c u la t e  
d a ta  u s u a l ly  e x h ib i t  a lo g -n o rm a l d i s t r i b u t i o n ,  w h ic h  i s  to  say th a t  the  
lo g a r i th m s  o f the  in d iv id u a l  re a d in g s  u s u a l ly  w i l l  be m a n ife s te d  in  a 
n o rm a l d i s t r i b u t i o n . 10 D a ta  n o t e x h ib i t in g  t h i s  d i s t r i b u t i o n  u s u s a l ly  
in d ic a te  t h a t  the  m o n ito r  i s  s i g n i f i c a n t l y  in f lu e n c e d  by  a s in g le  m a jo r 
sou rce  as opposed to  a g ro u p  o f  s m a lle r  so u rce s  (a re a  s o u rc e s ) .  T h is  i s  
p a r t i c u l a r l y  t ru e  when the  q u a n t i ty  o f la r g e r  v a lu e s  exceeds norm a l 
e x p e c t a t io n s . i l  An a n a ly s is  was conduc ted  on m ost p a r t i c u la t e  m o n ito r in g  
s i t e s  in  B i l l i n g s ,  in c lu d in g  the in h a la b le  p a r t i c u la t e  s i t e s .  A c h i -  
square  t e s t  f o r  n o r m a l i t y  was a p p lie d  to  the d a ta  as w e l l  as  a c a lc u la ­
t io n  o f  the  k u r t o s is  and the skew ness. The d a ta  a ls o  were p lo t te d  f o r  
e a s ie r  r e a d a b i l i t y  and i n t e r p r e t a t i o n .
M o n th ly  and S easona l V a r ia t io n s
A i r  p o l lu t io n  d a ta  can v a ry  from  m onth  to  m on th  and season to  
season f o r  two e s s e n t ia l  re a s o n s : 1) e m is s io n  s o u rce s  v a ry  from  season
to  season and 2) m e te o ro lo g ic a l changes o c c u r from  season to  season . A 
s tu d y  o f  the a i r  p o l lu t io n  v a r ia n c e  w i t h in  t h i s  c a te g o ry ,  th e r e fo r e ,  can 
le a d  to  s u g g e s tio n s  on so u rce s  o f p a r t i c u la t e s .  As an exam p le , one can 
a n a ly z e  the v a r ia t io n  o f  s u l f u r  d io x id e  to  d e te rm in e  how m e te o ro lo g y  
a f f e c t s  gases and s m a ll p a r t i c le s .  T h is  a n a ly s is  can be done because 
the  p ro d u c t io n  o f  s u l f u r  d io x id e  rem a in s  r e l a t i v e l y  c o n s ta n t th ro u g h o u t 
the  y e a r .  (M os t m a jo r in d u s t r ie s ,  w i t h  the  e x c e p t io n  o f  G re a t W e s te rn , 
i n  B i l l i n g s  tend to p roduce  t h e i r  p ro d u c t a t  a s te a d y  r a te  and th e r e fo r e  
p roduce  s u l f u r  d io x id e  a t  a s te a d y  r a t e . 3 M ost o f  the  seasona l and
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m o n th ly  v a r ia n c e  o f  t h i s  v a r ia b le  can be a t t r ib u t e d  to  m e te o ro lo g y ) .  
O th e r gases and s m a ll p a r t i c le s  t h a t  do n o t e x h ib i t  t h i s  p a t t e r n  a re  in  
a l l  l i k e l ih o o d  e x h ib i t in g  a v a r ia t i o n  in  e m is s io n  r a te  fro m  season to  
season .
The a n a ly s is  can be c a r r ie d  even f u r t h e r  i n  some in s ta n c e s .  A 
co m p a riso n  o f  two d i f f e r e n t  s ta t io n s  s h o u ld  have the  same m o n th ly  and 
seaso n a l p a t te rn s  i f  the  e m is s io n  so u rce s  e x h ib i t  th e  same v a r ia t io n  
( s in c e  i t  i s  sa fe  to  assume t h a t  th e  m e te o ro lo g y  i s  b a s i c a l l y  the  same 
f o r  the c i t y  o f  B i l l i n g s ) .  I f  these  two s ta t io n s  d i f f e r  in  t h e i r  d a ta  
d i s t r i b u t i o n ,  th e n  th e y  a ls o  m ust v a ry  in  t h e i r  a f f e c t in g  s o u rc e s .
To a id  in  the  a n a ly s is ,  m o n th ly  g ra p h s , m o n th ly  t a b le s ,  and seaso­
n a l ta b le s  were p ro d u c e d .
Day o f  th e  Week
A n o th e r s im p le  a n a ly s is  used to  d e te rm in e  e m is s io n  so u rce s  was th a t  
o f  com paring  d a ta  fro m  d i f f e r e n t  days o f  the week. I t  can be assumed 
th a t  m e te o ro lo g y  does n o t v a ry  s i g n i f i c a n t l y  w i t h  days o f  the  week, 
w h ic h  in  tu r n  le a d s  to  the  c o n c lu s io n  t h a t  any obse rve d  d i f fe r e n c e s  b e t ­
ween s e p a ra te  days o f  the  week m ust be a s s o c ia te d  w i t h  d i f f e r e n t  
e m is s io n  sources  fro m  those  d a y s . The m ost o b v io u s  exam ple o f these 
changes in  e m is s io n s  i s  m a n 's  g e n e ra l o u td o o r  a c t i v i t i e s .  Car t r a f f i c ,  
f o r  in s ta n c e ,  i s  g r e a t ly  reduced  in  B i l l i n g s  on Sunday as opposed to any 
o th e r  day o f  the week (s e e  T a b le s  5 and 6 ) .  I f  these  a c t i v i t i e s  have no 
r e a l e f f e c t  on a i r  p o l l u t i o n  le v e ls ,  i t  w o u ld  be lo g ic a l  to  assume th a t  
th e re  sh o u ld  be no d i f f e r e n c e  be tw een re a d in g s  on Sunday and any o th e r  
day o f the  week.
In  o rd e r  to  a s s is t  in  the a n a ly s is ,  some o f  the  d a ta  w ere  coded
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u s in g  o n ly  weekend v e rs u s  weekday r a th e r  th a n  a l l  seven days o f  the 
week. The a p p ro p r ia te  ta b le s  and g ra p h s  a re  g iv e n  to  a id  in  
i n t e r p r e t a t i o n .
Wet D a y /D ry  Day
The amount o f  p a r t i c u la t e s  in  the  a i r  can be r e la te d  to  r a in  and 
snow f a l l .  I f  m ore r a in  f a l l s  d u r in g  o r  j u s t  p r i o r  to  a day o f 
s a m p lin g , the lo w e r re a d in g s  can be e x p e c te d . Two p ro ce sse s  a c c o u n t f o r  
t h i s :  1) w a sh o u t, the  case where r a in  o r  snow a c t u a l l y  a bso rb s  o r
a d so rb s  p a r t i c le s  in  the  a i r ,  o r  2 ) s u p p re s s io n ,  the  case where th e  r a in  
o r  snow h o ld s  p a r t i c le s  to  the g round  and i n h i b i t s  th e n  from  e n te r in g  
th e  a tm o sp h e re . I t  i s  r e l a t i v e l y  c le a r  t h a t  th e  d i f f e r e n c e  in  p a r­
t i c u la t e  le v e ls  betw een w e t days and d ry  days w i l l  g iv e  an in d ic a t io n  o f  
the  amount o f  p a r t i c u la t e s  c o n t r ib u te d  to  the a tm osphere  fro m  the ground 
a n d /o r  the  amount o f  p a r t i c u la t e s  t h a t  can  be washed o u t o f  the 
a tm o sp h e re . I f  the  d i f fe r e n c e  betw een these  two c a te g o r ie s  i s  
in s i g n i f i c a n t ,  one w ou ld  assume t h a t  ( 1 ) th e re  i s  l i t t l e  c o n t r ib u t io n  
from  the  ground a n d /o r  ( 2 ) a s ig n i f i c a n t  amount o f  the  p a r t i c u la t e s  in  
the  a tm osphere  can n o t be washed o u t as a r e s u l t  o f  r a in  o r  snow.
E n rich m e n t F a c to rs
A r e l a t i v e l y  new m ethod used f o r  sou rce  i d e n t i f i c a t i o n  i s  t h a t  o f  
e n r ic h m e n t f a c t o r s .  The e n r ic h m e n t f a c t o r  m odel i s  used to assess  the  
amount o f p a r t i c u la t e  from  one e le m e n t, w h ich  i s  e n r ic h e d  from  the  same 
e le m e n ta l c o n c e n tr a t io n  in  the  s o i l .  T h is  m e tho d , t h e r e fo r e ,  can be 
used to d e te rm in e  the  r e la t i v e  c o n t r ib u t io n  o f  the  s o i l  e le m e n ts  to  the 
p a r t i c u la t e  m e a su rin g  d e v ic e .4
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The e n r ic h m e n t f a c t o r  m odel com pares the  r a t io  o f  th e  e le m e n ta l 
c o m p o s it io n  o f  the  a m b ie n t a i r  to  the  e le m e n ta l c o m p o s it io n  o f  the  
c h a r a c t e r is t i c  e le m e n t w i t h  the  c o n c e n t r a t io n  o f  e le m e n ta l in  the  s o i l  
to  the c o n c e n t r a t io n  o f  the  c h a r a c t e r is t ic  e le m e n t in  th e  s o i l .  The 
e n r ic h m e n t f a c t o r  i s ; 5
E n r ic h m e n t F a c to r  = ( ^ ia / ^ n a )
Cnc = c o n c e n t r a t io n  ( u g /g )  o f  = c o n c e n t r a t io n  (u g /m ^) o f
u n iq u e  e le m e ta l in  th e  u n iq u e  e le m e n t to  in  the
s o i l  o r c r u s t a l  e a r th .  a m b ie n t a i r
C ic  = c o n c e n tr a t io n  ( u g /g )  o f  C ia  = c o n c e n tr a t io n  (u g /ra^) o f
e le m e n t in  the  s o i l  e le m e n t in  the  a m b ie n t a i r
whose e n r ic h m e n t i s  whose e n r ic h m e n t i s  to  be
s o u g h t.  d e te rm in e d .
E le m e n ts  whose e n r ic h m e n t f a c t o r  a re  s i g n i f i c a n t l y  la r g e r  th a n  one a re
assumed to  be due to  n on -b a ckg rou n d  so u rces  w i t h in  the  a ir s h e d .
E lem ents  whose e n r ic h m e n t f a c t o r  a re  n e a r o r  e q u a l to  one a re  assumed to
be fro m  g e o lo g ic a l  so u rces  such as s o i l  o r  r o c k  p a r t i c le s .
The s e le c t io n  o f  the  c h a r a c t e r is t i c  e le m en t c o u ld  be s i g n i f i c a n t .
The most common e le m e n ts  used in  these  a n a ly s e s  seem to  be scandium  
(S c ) ,  a lum inum , and i r o n .  The MAPS p r o je c t  d id  n o t p e rfo rm  any a n a ly s is  
o f  scandium  and th e r e fo r e  a lum inum  was ch ose n . A n o th e r im p o r ta n t  f a c t o r  to  
the  a n a ly s is  i s  the  c o r r e c t  r a t io  in  th e  d e n o m in a to r o f  the  e q u a t io n .  
S e v e ra l sou rces e x is t  f o r  these  d a ta .  The m ost p o p u la r  sou rce  seems to  
be the c o n c e n tr a t io n s  suggested  by M ason,7 w h ic h  a re  g e n e r a l ly  used f o r  
la r g e - s c a le  a re a s . Such d a ta  w ere used in  some co m p a riso n s  in  C o ls t r ip ,  
M ontana^ and in  the s o u th w e s te rn  d e s e r t  o f  the  U n ite d  S ta te s .^  In  a d d i­
t io n  to  the  f ig u r e s  p ro v id e d  by M ason^^, the  MAPS p r o je c t  made some ana­
l y s i s  o f the  s o i l  and road  d u s t in  the  B i l l i n g  s a r e a . ^ l  I n  o rd e r  to
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r e f l e c t  the  g r e a te s t  d eg ree  o f  a c c u ra c y , e n r ic h m e n t f a c t o r s  w ere c a lc u ­
la te d  u s in g  b o th  so u rce s  o f in fo r m a t io n .
F a c to r  A n a ly s is
F a c to r  a n a ly s is  i s  a m u l t i v a r ia t e  s t a t i s t i c a l  te c h n iq u e  t h a t  con ­
denses a la rg e  number o f  v a r ia b le s  in to  a few  la r g e r  v a r ia b le s  c a l le d  
f a c t o r s .  These f a c to r s  can th e n  m ore e a s i l y  be a n a ly z e d  th a n  th a n  an 
a n a ly s is  o f  each and e v e ry  o r ig in a l  v a r ia b le  in  the  d a ta  s e t .  F a c to r  
a n a ly s is  was d e ve lo p ed  to  e x p la in  in t e l l ig e n c e  t e s t  s c o re s , and has been 
used r a th e r  e x te n s iv e ly  in  the b io lo g ic a l  and s o c ia l  s c ie n c e s . I t  has 
re c e iv e d  some a t t e n t io n  in  the s tu d y  o f  a i r  p o l l u t i o n  w i t h in  the  p a s t  
te n  y e a rs .  Hopke, e_t. a d . B l i f f o r d  and M e e k e r , 14 and T h u rs to n  and 
S p e n g le r lS  have used t h i s  te c h n iq u e  to d e te rm in e  m a jo r c l a s s i f i c a t i o n  o f  
a i r  p o l lu t io n  so u rces  and the in f lu e n c e  o f  m e te o ro lo g y  on these  s o u rce s .
F a c to r  a n a ly s is  can be a p p lie d  to  a i r  p o l lu t io n  and may be w e l l  
s u ite d  f o r  an a n a ly s is  o f  e le m e n ta l p a r t i c u la t e  d a ta .  F o r t h i s  s tu d y  a 
la r g e  amount o f  d a ta  from  n in e  e le m e n ts  and two io n s  ( n i t r a t e  and 
s u l f a t e )  e x i s t .  Many o f  the e le m e n ts  a re  re la te d  to  each o th e r  in  
v a r io u s  s im p le  and com plex m anners. As an e xam p le , i r o n  i s  a r e l a t i v e l y  
m a jo r  c o n s i t iu e n t  o f  s o i l s  and r o c k s .16 I t  a ls o  can  be an e m is s io n  from  
m a jo r in d u s t r ie s ,  n o ta b ly  the  s te e l in d u s t r y .  One may n o t be a b le  to 
use i r o n  by i t s e l f  to d e te rm in e  i f  the  m a jo r so u rce  was the  in d u s t r y  o r  
the  s o i l .  F a c to r  a n a ly s is ,  on th e  o th e r  han d , can a t  le a s t  a s s is t  in  
t h i s  d e te r m in a t io n .  A co m p le te  e x p la n a t io n  o f  f a c t o r  a n a ly s is  w i l l  no t 
be a tte m p te d . V a r io u s  s t a t i s t i c a l  books can be r e fe r r e d  to  f o r  a more 
th o ro u g h  e x p l a n a t i o n .  17 T h is  m e thod , how eve r, has s e v e ra l r e l a t i v e l y  
s im p le  b u t s ig n i f i c a n t  p r o p e r t ie s  e x p la in e d  b e lo w .
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R e c a ll  t h a t  th e  o b je c t  o f  f a c t o r  a n a ly s is  i s  to  reduce  a s e t o f  
v a r ia b le s  to  a s m a lle r  s u b s e t o f  v a r ia b le s  c a l le d  f a c t o r s ;  i . e . ,  f a c t o r  
a n a ly s is  re p la c e s  a la r g e  s e t o f  in t e r c o r r e la t e d  v a r ia b le s  w i t h  a 
s m a lle r  s e t o f  in d e p e n d e n t v a r ia b le s  ( f a c t o r s ) .  F a c to r  a n a ly s is  has as 
i t s  s t a r t in g  p o in t  the  c o r r e la t io n  m a t r ix  o f the  v a r ia b le s  in  q u e s t io n .  
In  ou r ca s e , the  c o r r e la t io n  m a t r ix  i s  composed o f a l l  th e  e le m e n ta l 
d a ta  c o l le c te d  a t  C e n tra l P ark  (T a b le  1 8 ) .  The second step in v o lv e s  the 
e x p lo r a t io n  o f  d a ta - r e d u c t io n  p o s s i b i l i t i e s  by c o n s t r u c t in g  new 
v a r ia b le s  based on the  in t e r r e la t io n s h ip s  seen i n  th e  c o r r e la t io n  
m a t r ix .  Two m ethods can be em ployed to  d e te rm in e  the se  f a c t o r s .  The 
f i r s t  i s  known as the  p r in c ip a l  com ponent m odel and i s  r e f le c te d  as an 
e x a c t m a th e m a tic a l t r a n s fo r m a t io n  o f  the  o r ig in a l  d a ta .  The second 
method i s  known as the  c la s s i c a l - f a c t o r  m o d e l, w h ic h  assumes t h a t  some 
un iqu e  f a c to r  i s  found  f o r  e v e ry  v a r ia b le .  The p r in c ip a l  component 
m odel i s  exp resed  b e lo w :
Zj = a j l F i  + a j2F2  + • • • +
w h e re : z j  = v a r ia b le  j  o f  the  o r ig in a l  d a ta  s e t
pp = f a c t o r  i
a j = s ta n d a rd iz e d  m u l t ip le  re g re s s io n
c o e f f i c i e n t  o f  v a r ia b le  j  on f a c t o r  i
a i s  o f te n  r e fe r r e d  to  as the  f a c t o r  lo a d in g ,  t h a t  i s  i t  re p re s e n ts  
the  s ig n i f ic a n c e  o f  each o f  the  fa c to r s  to  each s p e c i f ic  v a r ia b le .
N o t ic e  th a t  the  v a r ia b le  i s  c o m p le te ly  e x p la in e d  by the  sum o f  a l l  o f 
the f a c t o r s .  The c o u n te r  p a r t  to  t h i s  mode i s  th e  c la s s i c a l - f a c t o r  
m odel as d e s c r ib e d  b e lo w :
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z j  = a j i F i  + aj2F2 + • • • + aj^F^ + djUj
w h e re : U j  = u n iqu e  f a c t o r  f o r  v a r ia b le  j
d j  = s ta n d a rd iz e d  m u l t ip le  re g re s s io n  c o e f f i c i e n t  
c o e f f i c i e n t  on u n iqu e  f a c t o r  j .
The model a ls o  assumes th a t  the  c o r r e la t io n  be tw een  any f a c t o r  and Uj  i s
z e ro  and th a t  no c o r r e la t io n  e x is t s  be tw een  each Uj f o r  a l l  j .  I t  i s
o n ly  im p o r ta n t  to  n o te  th a t  each f a c t o r  c o n t r ib u te s  to  th e  e x p la n a t io n
o f v a r ia b le  Z j ,  b u t t h a t  th e re  i s  a u n iqu e  f a c t o r  ( U j )  w h ic h  i s
n e c e s s a ry  to  e x p la in  the  t o t a l  v a r ia n c e  i n  Z j .
A lth o u g h  b o th  m ethods o f  e s t im a t in g  fa c to r s  w ere used in  t h i s  
p a p e r, o n ly  th e  f i r s t  m e thod , p r in c ip a l  com ponents, was used f o r  a c tu a l 
a n a ly s is  p re s e n te d . I t  was found  t h a t  the  use o f  e i t h e r  method d id  n o t 
s ig n i f i c a n t l y  a l t e r  the  r e s u l t s  o f  the p a p e r. The p r in c ip a l  com ponents 
a n a ly s is  was p re fe r re d  s in c e  a) i t  was n o t c le a r  w h ich  v a lu e s  sh o u ld  be 
used f o r  e x p la in in g  the  un iqu e  and common f a c t o r s ,  f a c to r s  F j th ro u g h  
F[jj, (some com pute r e s t im a t io n s  w ere a v a i la b le  th ro u g h  SPSS), b ) i t  was 
n o t c le a r  i f  t h i s  m ethod a f f e c t s  the  b a s ic  s t r u c tu r e  o r  meaning o f the  
o r ig in a l  v a r ia b le s ,  th e re b y  d is t o r t i n g  the a n a ly s is ,  and c ) the  use o f 
p r in c ip a l  com ponents p ro v id e d  the  m ost m e a n in g fu l s o lu t io n  to  the  
p ro b le m .
The t h i r d  and f i n a l  s tep  in  f a c t o r  a n a ly s is  i s  the  s o -c a l le d  ro ta ­
t io n  o f  the f a c to r  s o lu t io n .  The s o lu t io n  o f  the  p r in c ip a l  com ponents 
a n a ly s is  y ie ld s  s e v e ra l o r th o g o n a l ( In d e p e n d e n t)  f a c t o r s .  The con­
s id e r a t io n  o f  in d e p e n d e n t f a c to r s  can be d is p la y e d  as the  x and y axes 
f o r  two f a c t o r s .  I t  i s  t t e  o b je c t  o f f a c t o r  a n a ly s is  to  o b ta in  f a c to r s  
th a t  m ost c lo s e ly  e x p la in  one o r  m ore v a r ia b le s  w i t h  o n ly  one f a c t o r ,  
and hence a s m a lle r ,  e a s y - t o - in t e r p r e t  d a ta  s e t .  The a c tu a l s o lu t io n s
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fro m  s tep  number tw o  do n o t a lw a ys  y ie ld  e a s i l y  I n te r p r e te d  s o lu t io n s ,  
e s p e c ia l ly  i f  more th a n  3 o r  4 f a c to r s  a re  c o n s id e re d .  The p r in c ip a l  
com ponent s o lu t io n ,  t h e r e fo r e ,  can be ro ta te d  ( o r th o g o n a l ly )  such th a t  
the  r e s u l t in g  f a c to r s  a re  more c lo s e ly  a s s o c ia te d  w i t h  each v a r ia b le .  
T h is  I s  b e s t  i l l u s t r a t e d  th ro u g h  an e xam p le . The f ig u r e  b e lo w  i l l u s t r a ­
te s  w hat m ig h t be th e  outcom e o f a p a r t i c u la r  p r i n c i p l a l  com ponent 
a n a ly s is .
F
a
c
t
0
r
2
#
*
Variable A 
Variable B
Factor 1
#  Variable C
#  Variable D
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Note t h a t  none o f  the  v a r ia b le s  a re  c lo s e ly  a s æ c ia te d  w i t h  any o f the 
two f a c t o r s .  Each v a r ia b le  i s  o n ly  a b o u t h a l f  way ( c o r r e la t io n s  e q u a l 
a p p ro x im a te ly  +  and -  .5 0 )  r e la te d  to  any one f a c t o r .  I f  one w ere to  
r o ta te  the  two f a c to r s  a p p ro x im a te ly  45 d e g re e s  c o u n te r c lo c k w is e ,  the
r o ta te d  s o lu t io n  w o u ld  lo o k  as f o l lo w s ;
F 
a 
c 
t  
0 
r
/
^ î-»New Factor 1
#  Variable A 
A
/  ® Variable B
Factor 1
^ 9 Variable C 
•  Satiable D
New Factor 2
N ote how the ro ta te d  s o lu t io n  i s  c lo s e ly  re la te d  to  the  new fa c to r s ,  
w h ic h  i s  p r e c is e ly  w hat was done th ro u g h o u t these  a n a ly s e s . The
r e s u l t s  o f  these th re e  s te p s  y ie ld  a number o f  f a c t o r s ,  u s u a l ly  th re e  o r
fo u r  w h ich  have the fo l lo w in g  p r o p e r t ie s  and m ean ings :
a .  A l l  f a c to r s  a re  in d e p e n d e n t o f  each o th e r  ( o r th o g o n a l) ;
b . The ro ta te d  fa c to r s  have some r e p r e s e n ta t io n  to  the  o r ig in a l
v a r ia b le s ;
c .  Each f a c t o r  w i l l  be h e a v i ly  lo a d e d , t h a t  i s  th e  a j l  v a lu e s  
a re  la rg e  w i t h  o n ly  a few  v a r ia b le s ;
d .  S ince  each f a c t o r  i s  o r th o g o n a l,  i t  w i l l  re p re s e n t some 
in d e p e n d e n t sou rce  o r  c h a r a c te r  o f  a i r  p o l lu t io n  d a ta ;  and
e . These fa c to r s  c a n , t h e r e fo r e ,  be In te r p r e te d  to  re p re s e n t  an 
a i r  p o l lu t io n  s o u rc e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6 0
T h is  e x a c t  a n a ly s is  a ls o  was a p p lie d  to  the  c o rre s p o n d in g  rae teo ro^ 
lo g i c a l  d a ta .  V a r io u s  v a r ia b le s  w ere  re p re s e n te d  by  in d iv id u a l  f a c t o r s .  
A r e a l i s t i c  i n t e r p r e t a t i o n  o f  the  fa c to r s  i s  s u g g e s te d . A com p a r i  son 
was th e n  made be tw een  the se  m e te o ro lo g ic a l f a c to r s  and the  e le m e n ta l 
f a c to r s  to  d e te rm in e  the  way m e te o ro lo g y  in f lu e n c e s  d i f f e r e n t  s o u rce s  o f  
p a r t i c u le  te s .
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2 2 p b i l l i p  Hopke, "The Use o f  M u l t i v a r ia t e  A n a ly s is  to  I d e n t i f y  S ources 
o f  S e le c te d  e le m e n ts  in  the  B os ton  U rban A e r o s o l, "  A tm o s p h e r ic  
E n v iro n m e n t 10 (May 1 9 7 6 ), pp . 1015 -1025 .
Z ^ I r v in g  B l i f f o r d ,  and G ary M eeke r, "A  F a c to r  A n a ly s is  Model o f Large  
S ca le  P o l lu t io n , "  p p . 1 47 -1 5 7 .
^^G eorge T h u rs to n ,  and John S p e n g le r ,  "An Assessm ent o f  F in e  
P a r t i c u la t e  S ou rces  and T h e ir  I n t e r a c t io n s  w i t h  M e te o ro lo g ic a l 
In f lu e n c e s  v ia  F a c to r  A n a ly s is , "  pp . 2 86 -2 8 7 .
Z ^ B r ia n  Mason, P r in c ip le s  o f  G e o c h e m is try , p . 44 .
26D avid  K le in b a u ra , and Law rence K u p p e r, A p p lie d  R e g re ss io n  A n a ly s is  
and O th e r M u l t iv a r ia te  M e th o d s , ( N o r th  S c i t u a te ,  MA: Duxbury P re ss ,
1 97 8 ), pp . 3 6 7 -4 1 3 . Norman N ie ,  S t a t i s t i c a l  Package f o r  th e  S o c ia l 
S c ie n c e s , (New Y o rk ;  M c G ra w -H ill Book Compan, 1 9 7 5 ), pp. 4 6 8 -5 1 4 .
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R e s u lts  and D is c u s s io n
The r e s u l t s  o f  the  v a r io u s  a n a ly s e s  a re  e x p la in e d  be low  and o rg a ­
n iz e d  by each ty p e  o f  a n a ly s is  d e s c r ib e d  in  the  M e th o d o lo g y  c h a p te r  o f  
t h i s  p a p e r. A summary o f  th e  r e s u l t s  and c o n c lu s io n s  a re  p ro v ie d e d  in  
the  f i n a l  c h a p te r .
F re q ue n cy  D is t r i b t u io n  
A fre q u e n c y  d i s t r i b t u i o n  f o r  a l l  p a r t i c u la t e  m o n ito r in g  s i t e s  was 
p re pa re d  (A p p e n d ix  B ) .  As d e s c r ib e d  in  th e  A n a ly s is  M ethods c h a p te r ,  
s e v e ra l a u th o rs  have su gg e s t t h a t  one can t y p i c a l l y  e x p e c t a lo g -n o rm a l 
d i s t r i b u t i o n  f o r  p a r t i c u la t e  d a t a . l  Brookman and Yocom^ suggested  th a t  
p a r t i c u la t e  d a ta  e x h ib i t in g  t h i s  d i s t r i b u t i o n  a re  g e n e r a l ly  in f lu e n c e d  
by la r g e - s c a le  o r  g e n e ra l s o u rc e s . D ata  t h a t  do n o t e x h ib i t  a n e a r 
lo g -n o rm a l d i s t r i b u t i o n  o r  d a ta  t h a t  d e v ia te s  a t  the  e x tre m e s  a re  p ro ­
b a b ly  in f lu e n c e d  by  a m a jo r lo c a l  source  such as a s ta c k  o r  a s tro n g  
a re a  source  w i t h in  a s p e c i f ic  w ind d i r e c t io n  from  the  sam p ling  s i t e .
S in ce  B i l l i n g s  has s e v e ra l m a jo r in d u s t r ie s  (M on tana  Power Company, 
E xxon , Connoco I n c . ,  G re a t W e s te rn , and M ontana S u l fu r )  w i t h in  a few  
m ile s  o f  a l l  bu t one sa m p lin g  s i t e  (KGHL), i t  w ou ld  be lo g ic a l  to  assume 
th a t  these  sources  may in f lu e n c e  the  p a r t i c u la t e  le v e ls .  I f  t h i s  i s  th e  
c a se , then  some d e v ia t io n  fro m  lo g - n o r m a l i t y  may e x i s t .  On the  o th e r  
hand, i f  the  m a jo r a re a  s o u rc e s  such as s o i l  d u s t ,  road  d u s t ,  home 
h e a t in g ,  and so f o r t h  a re  the  m a jo r c o n t r ib u to r s  to  p a r t i c u la t e s ,  th e n  
the  lo g -n o rm a l d i s t r i b u t i o n  sh o u ld  be g e n e r a l ly  s t r o n g .
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One m ust be c a r e fu l  n o t to  a t ta c h  to o  much s ig n i f ic a n c e  to  t h i s  
p a r t i c u la r  a n a ly s is .  O th e r a u th o rs  have suggested  t h a t  th e  lo g  no rm a l 
d i s t r i b u t i o n  i s  n o t  the  o n ly  d i s t r i b u t i o n s  t h a t  the se  d a ta  can 
p o s s e s s .3 T h is  a n a ly s is ,  t h e r e fo r e ,  can  o n ly  be in te r p r e te d  as an i n d i ­
c a t io n  o f  th e  v a l i d i t y  o f  the  above h y p o th e s e s .
A p p e n d ix  C p ro v id e s  a d e s c r ip t io n  o f  the  c h i- s q u a re  s t a t i s t i c s  and 
g ra p h s  o f  the  d a ta  d i s t r i b u t i o n .  The in fo r m a t io n  in  A ppend ix  C i s  
re d uce d  h e re  in  T a b le  7 b e lo w .
T a b le  7
S ite Mean M edian Skewness K u r to s is
C h i-S q u a re
S t a t i s t i c
C e n tra l P a rk  TSP 4 .2 1 4 .29 - 0 .5 - 0 .3 2 5 .1
C e n tra l P a rk  In h a la b le 3 .61 3 .5 9 - 0 .2 - 0 .1 6 .3
C e n tra l P a rk  Coarse 2 .81 2 .93 - 0 .2 - 0 .9 18.7
C e n tra l P a rk  F in e 2 .7 8 2 .82 - 0 .4 1.2 9 .3
C i t y  H a l l  TSP 4 .1 7 4 .2 1 - 0 .3 0 .2 15.0
Grand A ve . S choo l TSP 3.92 4 .0 2 - 1 .4 3 .5 51 .5
Lockwood S choo l TSP 3 .9 0 3 .90 0 .5 0 .3 12.1
U n its  = N a tu r a l lo g  o f  ug/m^
A l l  d a ta  above a re  c a lc u la te d  u s in g  the  n a tu r a l  lo g  (base  e ) o f  the  
p a r t i c u la t e  re a d in g s .  By u s in g  the n a tu r a l  lo g  o f  the  d a ta ,  one w ou ld  
e x p e c t a norm a l d i s t r i b u t i o n  to  a p p e a r . The m ed ian  i s  a measure o f  the  
d a ta 's  m id d le  v a lu e s ;  t h a t  i s ,  the  m id d le  v a lu e  o f  those  d a ta  ly in g  
e x a c t ly  on the  5 0 th  p e r c e n t i le .  In  a p e r fe c t  norm a l d i s t r i b u t i o n ,  the 
m edian and mean a re  e q u a l.  The d a ta  above in d ic a te  c lo s e  agreem ent b e t­
ween the  tw o .
The skewness and k u r t o s is  a re  s t a t i s t i c s  t h a t  in d ic a t e  the  r e la t i v e  
shape o f a c u rv e .^  The skewness m easures the  d e g re e  to  w h ich  a d i s t r i ­
b u t io n  o f  cases a p p ro x im a te s  a n o rm a l c u rv e  and may be r e fe r r e d  to the  
t h i r d  moment o f  th e  m ean. I f  the  skewness i s  z e ro ,  th e n  a c o m p le te ly
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sym m etric  b e l l- s h a p e d  c u rv e  i s  in  e x is te n c e .  A v a lu e  g r e a te r  th a n  z e ro  
In d ic a te s  t h a t  the  d a ta  a re  c lu s te r e d  to  the  r i g h t  o f  the  mean, w h ile  a 
n e g a t iv e  v a lu e  in d ic a te s  th e  d a ta  a re  c lu s te r e d  to  the  l e f t  o f  the mean. 
The k u r t o s is  m easures th e  r e la t i v e  f la t n e s s  o r  peakedness o f  the  c u rv e .
A v a lu e  o f  z e ro  In d ic a te s  a n o rm a l d i s t r i b u t i o n .  P o s i t iv e  v a lu e s  o f 
k u r t o s is  in d ic a te  the  d i s t r i b u t i o n  i s  m ore peaked (n a r ro w )  t h a t  a norm a l 
d i s t r i b u t i o n ,  w h i le  a n e g a t iv e  v a lu e  r e f l e c t s  a f l a t t e r  c u rv e .
In  a l l  cases in  T a b le  7 , th e re  a re  no d a ta  t h a t  e x h ib i t  an unu­
s u a l ly  la rg e  o r  s m a ll skewness o r  k u r t o s is ,  save o n e . The Grand A ve . 
S choo l s i t e  a p p e a rs  to  have a d i s t r i b u t i o n  s h i f te d  s l i g h t l y  to  the  l e f t  
and o f  somewhat f l a t t e r  d i s t r i b u t i o n  t h a t  e x p e c te d . A l l  o th e r  c a s e s , on 
the  o th e r  hand, seem to  f a l l  w i t h in  a n o rm a l random e r r o r  expe c ted  w ith  
any sampled p o p u la t io n .
The mean, m e d ia n , skew ness, and k u r t o s is  w e re  c a lc u la te d  u s in g  the 
SPSS s t a t i s t i c a l  package d e s c r ib e d  e a r l i e r .  The m e d ia n , skewness, and 
k u r t o s is  were c a lc u la te d  u s in g  a s im p le  a lg o r i th m  r a th e r  th a n  th e  d e f i ­
n i t i o n  fo rm u la ,  and have no e f f e c t  on the  c a lc u la t io n 's  a c c u ra c y .
Thg c h i-s q u a re  s t a t i s t i c  was c a lc u la te d  u s in g  the  d a ta  g e n e ra te d  
fro m  the SPSS p acka g e . The a c tu a l s t a t i s t i c s ,  h ow eve r, w ere  c a lc u la te d  
u s in g  a BASIC p rogram  w r i t t e n  f o r  t h i s  p u rp o s e . The c h i- s q u a re  s ta ­
t i s t i c  was used in  o rd e r  to  d e te rm in e  th e  goodness o f  f i t  to  the  lo g ­
norm a l d i s t r i b u t i o n .  The c h i- s q u a re  t e s t  was a p p lie d  by com paring  the 
number o f o ccu re n ce s  w i t h in  v a r io u s  c e l l s  ( 1/2 s ta n d a rd  d e v ia t io n  in  t h i s  
in s ta n c e )  to  the  e xp e c te d  number o f  o ccu re n ce s  w i t h in  the  same c e l l s .
The e xpe c ted  number o f  o ccu re n ce s  was based on w ha t w ou ld  be o bse rved  in  
a p e r f e c t l y  lo g -n o rm a l d i s t r i b u t i o n .
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I f  the  c h i- s q u a re  v a lu e  i s  above a c e r t a in  c r i t i c a l  v a lu e ,  one can 
r e je c t  the  h y p o th e s is  t h a t  th e  d i s t r i b u t i o n  i s  lo g - n o r m a l ly  d is t r i b u t e d .  
F o r pu rposes  o f  t h i s  s tu d y , i t  was d e c id e d  to  use a 1 p e rc e n t p ro b a b i­
l i t y  v a lu e  s in c e  n o t a l l  o f  the  d a ta  d i s t r i b u t i o n s  w ere spread e x a c t ly  
o v e r the  same tim e  p e r io d s .  A d i s t r i b u t i o n  o f  15 m on ths  o f  d a ta  w ou ld  
be s l i g h t l y  b ia s e d  s in c e  th e re  a re  a p p a r e n t ly  m ore sam ples g a th e re d  in  
one season th a n  th e  o th e r s .  The c r i t i c a l  v a lu e  f o r  c h i- s q u a re  i n  t h i s  
case i s  2 1 .7 ; t h a t  i s ,  i f  th e  d a ta  do p o sse ss  a lo g -n o rm a l d i s t r i b u t i o n ,  
the  p r o b a b i l i t y  t h a t  th e  n u l l  h y p o th e s is  ( t h a t  th e  d a ta  a re  lo g -n o rm a l)  
w i l l  be i n c o r r e c t l y  r e je c te d  i s  .01 (1 p e r c e n t ) .
T a b le  7 in d ic a te s  t h a t  o n ly  tw o s i t e s  f a i l e d  th e  c h i- s q u a re  t e s t ,  
a lth o u g h  one o th e r  p a ra m e te r n e a r ly  f a i l e d .  The C e n tra l P ark  TSP s i t e  
and the Grand A ve . S cho o l TSP s i t e  b o th  e x h ib ite d  d a ta  d is t r i b u t i o n s  
th a t  were p ro b a b ly  n o t lo g -n o rm a l.  The C e n tra l P a rk  co a rse  p a r t i c u la t e s  
le a d s  one to  n e a r ly  the  same c o n c lu s io n .
These r e s u l t s  a re  somewhat s u r p r is in g .  The Lockwood S choo l s i t e ,  
f o r  exam p le , i s  p ro b a b ly  the  s i t e  t h a t  w ou ld  be m ost s t r o n g ly  in f lu e n c e d  
by a m a jo r in d u s t r i a l  s o u rc e . T h is  i s  t r u e  s in c e  i t  i s  n o t o n ly  the  
s i t e  n e a re s t to  these  in d u s t r ie s ,  b u t i t  i s  a ls o  the  s i t e  t h a t  e x h ib i te d  
the g r e a te s t  amount o f  s u l f u r  d io x id e .  S u l fu r  d io x id e  i s  a m a jo r 
c o n s t i tu e n t  o f  the p o l lu t a n t  gases  re le a s e d  from  these  in d u s t r ie s .  
Lockwood S c h o o l, h o w e ve r, does a p p a r e n t ly  p osse ss  a lo g -n o rm a l 
d i s t r i b u t i o n .  C e n tra l P a rk , on the  o th e r  hand , i s  th e  m ost r e s id e n -
t i a l l y  o r ie n te d  s i t e  w i t h in  th e  s tu d y  a re a .  One w ou ld  have e x p e c te d ,
th e r e fo r e ,  t h a t  t h i s  s i t e  w ou ld  have a lo g -n o rm a l d i s t r i b u t i o n .  Grand 
Ave. Schoo l i s  lo c a te d  a lo n g  Grand A venue , a v e ry  busy h ighw ay by
M ontana s ta n d a rd s . I t  c o u ld  p r o te b ly  be c h a r a c te r iz e d  as a m ixed con -
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m e rc ia l and r e s id e n t ia l  a re a .  The c h i- s q u a re  t e s t  seeias to  In d ic a te  
t h a t  t h i s  s i t e  i s  th e  o o s t  h e a v i ly  in f lu e n c e d  s i t e  b y  a s in g le  o r  d i r e c ­
t io n a l  s o u rc e . The m ost o b v io u s  so u rce  t h a t  comes to  m ind a t  t h i s  s i t e  
w ou ld  have to be a u to m o tiv e  t r a f f i c .  The TSP c o u ld  be e i t h e r  the  
v e h ic le s  th e m s e lv e s  o r  the  ro a d  d u s t  e m it te d  from  t h e i r  t r a v e l .  L e t us 
exam ine  t h i s  h y p o th e s is  i n  a l i t t l e  m ore d e t a i l .
I f  the  above h y p o th e s is  w ere  t r u e ,  th e n  i t  w ou ld  be re a s o n a b le  to  
assume th a t  o th e r  s i t e s  w h ich  a re  c lo s e  to  m a jo r  roadw ays w ou ld  a ls o  n o t 
have a s tro n g  lo g -n o rm a l d i s t r i b u t i o n .  C ity  H a l l  and C e n tra l P ark  a re  
b o th  somewhat n e a r m a jo r  ro a dw a ys . C i t y  h a l l  in  p a r t i c u la r  i s  lo c a te d  
in  downtown B i l l i n g s  (a p p ro x ira a t le y  14 m e te r above g ro u n d , h o w e ve r), 
w h ic h  c o u ld  c e r t a i n l y  have t h i s  in f lu e n c e .  The c h i- s q u a re  s t a t i s t i c  f o r  
C i t y  h a l l  i s  a ls o  la r g e  b u t n o t s t a t i s t i c a l l y  s ig n i f i c a n t .  The C e n tra l 
P a rk  s i t e  was lo c a te d  a b o u t one c i t y  b lo c k  from  C e n tra l Avenue, a ls o  a 
m a jo r ro a d . One m ig h t th e r e fo r e  e x p e c t some in f lu e n c e  from  the  road to 
b re a k  down the lo g -n o rm a l d i s t r i b u t i o n .  The co a rse  p a r t i c u la t e  d a ta  
a ls o  p ro v id e  an in s ig h t  in t o  the  m a t te r ,  s in c e  th e y  a lm o s t re je c te d  the  
n u l l  h y p o th e s is .  A s in g le  in f lu e n c e  may a f f e c t  the  co a rse  d a ta .  T h is  
s in g le  in f lu e n c e  i s  a p p a re n t ly  n o t m a jo r  in d u s t r y  s in c e  a s i t e  v e ry  
c lo s e  to  in d u s t r y  d id  n o t show t h i s  same p a t t e r n .  S e ve ra l a u th o rs  have 
shown th a t  p a r t i c le s  g e n e ra te d  from  v e h ic u la r  t r a f f i c  possess th e  sane 
s iz e  d i s t r i b u t i o n  as m ig h t be e x p te c te d  on the  co a rse  f i l t e r . ^
A g e n e ra l summary o f  t h i s  s e c t io n  le a d s  to  s e v e ra l o b s e rv a t io n s :
1. The m edian and mean a re  g e n e r a l ly  s im i la r  f o r  a l l  s i t e s .
2 . O n ly  Grand Avenue S ch o o l had la r g e r  th a n  e xp e c te d  skewness and 
k u r t o s is .
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3 . C e n tr a l P a rk  TSF and Grand Avenue S cho o l TSF f a i l e d  the  c h i- s q u a re  
t e s t  f o r  lo g - n o r m a l l t y .  C e n tra l P a rk  c o a rs e ,  on th e  o th e r  hand , 
n e a r ly  f a l l s  th e  lo g -n o rm a l t e s t .
I t  a p p e a rs , t h e r e f o r e ,  t h a t  th e re  may be some lo c a l  d i r e c t io n a l  source  
t h a t  may be a f f e c t in g  these  two s i t e s .  An In v e n to r y  o f th e  so u rce  nea r 
these  s i t e s  p ro b a b ly  o n ly  s u g g e s t a u to m o t iv e - r e la te d  e m is s io n s .
M on th  and Season V a r ia t io n s  
C o n c e n tra t io n s  o f  p a r t i c u la t e s  can and o f t e n  do v a ry  from  m on th  to  
m onth  and season to  season . These changes can be accoun ted  f o r  by 
e i t h e r  changes in  e m is s io n  so u rces  o r  by changes In  m e te o ro lo g y  o r  b o th .  
A re v ie w  o f  th e  d a ta  v a lu e s  betw een seasons and m on ths can a s s is t  one to  
u n d e rs ta n d  some o f  the  so u rce s  o f  p a r t i c u la t e s  t h a t  a re  l i k e l y  a f f e c t Iq g  
th e  sa m p ling  In s tru m e n ts .
M o n th ly  g ra p h s  w ere  p re p a re d  f o r  a l l  o f  the  p a r t i c u la t e  m o n ito r in g  
s i t e s  and in c lu d e d  as A pp e nd ix  D. These g ra p h s  re p re s e n t  the  m o n th ly  
ave rage  p a r t i c u la t e  o r  gaseous c o n c e n t r a t io n  p lo t t e d  a g a in s t  t im e  (1978  
th ro u g h  May 1 9 3 0 ).
In  o rd e r  to  a id  in  the  in t e r p r e t a t i o n  and p r e s e n ta t io n  o f  the  d a ta ,  
the  fo l lo w in g  ta b le  was c o n s t ru c te d .
T a b le  8
A i r  Q u a l i t y  V e rsu s  Seasonal Means
S p r in g Summer F a l l W in te r
S ite Mean // Mean # Mean // Mean #
C e n tra l P a rk  TSF 82 75 103 146 90 118 51 139
C e n tra l P ark  In h a la b le 32 26 54 29 50 47 31 25
C e n tra l P ark  Coarse 14 26 39 29 30 47 14 27
C e n tra l P ark F in e 18 26 16 29 20 47 11 27
Lockwood S choo l TSP 56 34 64 39 85 35 38 44
Lockwood S choo l In h . --------- —— 33 7 21 26 21 2
Lockwood S choo l Coarse --------- —  — 11 7 0 .5 26 0 2
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T ab le  8 C on tinued
S p rin g Summer F a l l W in te r
S i te Mean # Mean # Mean # Mean #
Lockwood S choo l F in e 22 7 20 26 21 2
C it y  H a l l  TSP 89 56 72 44 73 38 31 52
KGHL TSP 45 55 47 44 50 40 34 58
Grand A ve . S choo l TSP 88 53 61 43 60 35 46 52
C e n tra l P a rk  SO2 7 79 7 156 14 97 15 165
C e n tra l P a rk  NO2 16 12 12 36 16 122 17 90
C e n tra l P a rk  O3 26 82 29 147 14 162 16 158
The p a r t i c u la t e  d a ta  means a re  m easured in  u n i t s  o f  m ic ro g ra m s  pe r 
c u b ic  m e te r ,  w h i le  the  gaseous d a ta  (SO2 , NO2 , and O3) a re  measured In  
p a r ts  p e r b i l l i o n  (v o lu m e ) .  The re p re s e n ts  th e  num ber o f  days w i th  
v a l id  d a ta  f o r  each p a r t i c u la r  c a s e . The C it y  H a l l ,  KGHL, and Grand 
Avenue s i t e s  a ls o  In c lu d e d  1977 d a ta ,  w h ich  was done because these  th re e  
s i t e s  were o n ly  o p e ra te d  once e v e ry  s ix  d ays , y ie ld in g  le s s  d a ta  th a n  
C e n tra l P a rk . A d d i t io n  o f  the  y e a r 1977 p ro v id e d  s u f f i c i e n t  d a ta  to  
a l lo w  c o n c lu s io n s  to  be d ra w n .
The seasona l d a ta  was com bined f o r  a l l  y e a rs .  The seasons a re  
d e f in e d  b e lo w :
S p r in g  = M arch 1 to  May 31 
Summer = June 1 to  A ug u s t 31
F a l l  = S eptem ber 1 to  November 30 
W in te r  = December 1 to  F e b ru a ry  28 ( o r  29 )
The purpose  o f  c o m b in in g  the y e a rs  was to  p ro v id e  enough cases (d a y s ) to 
a l lo w  c o n c lu s io n s  to  be draw n fro m  the  d a ta .  The Lockwood s i t e  f o r  
in h a la b le ,  c o a rs e ,  and f in e  p a r t i c u la t e s  d id  no t p ro v id e  enough cases to  
a l lo w  any c o n c lu s io n s  on se aso n a l o r  m o n th ly  v a r ia t io n s .  The gaseous
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d a ta  w ere added f o r  p u rp o se s  o f  com paring  w i t h  p o s s ib le  s o u rc e s . A l l  
c a lc u la t io n s  w ere  p e rfo rm e d  w i t h  th e  SPSS co m p u te r package p r e v io u s ly  
d e s c r ib e d .
The d a ta  have an im m e d ia te  and o b v io u s  t r e n d .  Summer re a d in g s  a re  
la r g e r  th a n  f o r  a l l  o th e r  seasons f o r  a l l  in h a la b le ,  c o a rs e ,  and TSP 
v a r ia b le s .  ( T h is  comes as somewhat o f  a s u rp r is e  s in c e  th e  m e te o ro lo g i­
c a l c o n d it io n s  a re  u s u a l ly  w orse i n  th e  f a l l  and w in t e r ) .  As an a id  to 
t h i s  in t e r p r e t a t i o n ,  i t  i s  o f  i n t e r e s t  to  n o te  the  seasona l v a r ia t io n  
f o r  s u l f u r  d io x id e .  S u l fu r  d io x id e  in  B i l l i n g s  i s  e m it te d  a t  a r e l a t i ­
v e ly  c o n s ta n t r a t e .  T he re  a re ,  q u i te  n a t u r a l l y ,  v a r ia t io n s  in  the  
s u l f u r  d io x id e  e m is s io n ,  b u t m ost in d u s t r ie s  tend to  o p e ra te  a t  maximum 
p ro d u c t io n  th ro u g h o u t th e  y e a r .  One e x c e p t io n  w o u ld  be G re a t W este rn  
S ug a r, w h ich  o p e ra te s  o n ly  in  the  summer and f a l l .6
The s u l f u r  d io x id e  d a ta ,  h ow eve r, have a d e f i n i t e  seasona l 
v a r ia t io n ;  the  la r g e s t  re a d in g s  o c c u r in  th e  w in te r  and f a l l .  T h is  i s  
o p p o s ite  to  the  p ro d u c t io n  b y  G re a t W e s te rn , and a t  v a r ia n c e  w i t h  th e  
o bse rved  TSP re a d in g s .  S in ce  w in te r  and f a l l  p ro v id e  the  w o rs t m e teo ro ­
lo g ic a l  m ix in g ,  one m ig h t p resuppose  t h a t  the  TSP le v e ls  sh o u ld  f o l lo w  
the  same p a t te r n .
S in ce  t h i s  i s  o b v io u s ly  n o t the  c a s e , i t  m ust be co n c lu d e d  t h a t  
m e te o ro lo g y  i s  n o t the  o v e r r id in g  f a c to r  i n  e x p la in in g  the v a r ia t io n  
among the seasons. T h is  i s  e s p e c ia l ly  n o t ic e a b le  when o b s e rv in g  the 
s p r in g  d a ta  a t  Grand Avenue S c h o o l,  C i t y  H a l l ,  and C e n tra l P a rk . 
M e te o r o lo g ic a l ly  s p e a k in g , s p r in g  i s  the  season w i t h  the  b e s t  d i l u t i o n  
and m ix in g  c h a r a c t e r i s t i c s .  A l l  o th e r  th in g s  b e in g  e q u a l,  one w ou ld  
e xpe c t s p r in g  to  be p ro b a b ly  one o f  the  b e s t seasons f o r  reduced a i r
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p o l l u t i o n  le v e ls .  S ince  t h i s  i s  n o t the  c a s e , the  c o n c lu s io n  i s  t h a t  
th e  s ig n i f i c a n t  s o u rce s  o f  p a r t i c u la t e s  m ust have a m a jo r  im p a c t on 
e m is s io n  r a te s  in  the  s p r in g  and summer. C o n v e rs e ly , th e  e m is s io n s  m ust 
be g r e a t ly  reduced  d u r in g  the  w in t e r .
The in h a la b le  p a r t i c u la t e  d a ta  a t  C e n tra l P a rk  shows the  same 
g e n e ra l t re n d  and c o n c lu s io n s .  The co a rse  d a ta  seem to  m a g n ify  th e  
e f f e c t s  o f  summer and dampen the  h ig h e r  s p r in g  v a lu e s  o c c u r r in g  a t  C ity  
H a l l  and Grand Avenue S c h o o l.  The f i n e  p a r t i c u la t e  d a ta ,  how ever, 
g e n e r a l ly  have the  same le v e ls  d u r in g  a l l  seasons e xce p t w in t e r .  W in te r  
seems to  be reduced  by a b o u t o n e - h a lf  o f  f a l l .  The d a ta  c o l le c te d  a t  
the  KGHL m o n ito r in g  s i t e  show s im i la r  c h a r a c t e r is t i c s  to  those o f  the  
C e n tra l P a rk  f i n e  d a ta .  The s p r in g ,  summer, and f a l l  have r e l a t i v e l y  
sp ea k in g  the same v a lu e s ,  w h ile  w in te r  i s  th e  o n ly  season w i th  s i g n i f i ­
c a n t ly  lo w e r v a lu e s .  These d a ta  a re  s ig n i f i c a n t  in  t h a t  th e  KGHL i s  a 
r u r a l  s i t e  f o r  the  B i l l i n g s  a re a ,  lo c a te d  nea r a g r i c u l t u r a l  f i e ld s  and 
a p p r o x in a t le y  150 m e te rs  from  I n t e r s t a t e  90 . I t  i s  n o t p u r e ly  a r u r a l  
s i t e  r e la t i v e  to  the  r e s t  o f  the  s ta te ,  b u t i t  i s  r u r a l  r e la t i v e  to  the 
B i l l i n g s  a re a  and Y e llo w s to n e  R iv e r  B a s in .
The e v id e n ce  p re s e n te d  p o in t s  to  the c o n c lu s io n  t h a t  the  m a jo r 
so u rces  o f  p a r t i c u la t e s  in  an a round  B i l l i n g s  m ust be a s s o c ia te d  w ith  
warmer te m p e ra tu re s  o r  p e rh a p s  th e  la c k  o f  snow c o v e r .  S ince  m ix in g  
c o n d it io n s  a re  good in  the  summer and s p r in g ,  th e re  m ust be some 
o v e r r id in g  s o u rc e (s )  c o n t r ib u t in g  to these  h ig h e r  p a r t i c u la t e  le v e ls .
I t  i s  a ls o  a p p a re n t ly  a s s o c ia te d  w i th  m an 's  a c t i v i t i e s  s in c e  t h i s  I s  
a ls o  the  tim e  when o u td o o r  a c t i v i t i e s  a re  a t  t h e i r  g r e a te s t .  A u to m o tiv e  
t r a f f i c  i s  a ls o  a t  i t s  peak in  the  la t e  summer and e a r ly  f a l l  a c c o rd in g
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to  the  t r a f f i c  c o u n te r  d a ta  on Grand Avenue (T a b le s  5 and 6 ) .  T r a f f i c  
p a t te r n s  in d ic a te  t h a t  the  h ig h e s t  c o u n ts  o c c u r  in  th e  la t e  s p r in g  
th ro u g h  the  f a l l ,  w h ic h  appears  to  c o r r e la t e  w i t h  the  TSP and coarse  
re a d in g s  a t  the  a i r  p o l l u t i o n  m o n ito r in g  s t a t io n .
An a n a ly s is  o f  v a r ia n c e  (ANOVA) was p e rfo rm e d  on a l l  v a r ia b le s .
The n u l l  h y p o th e s is  f o r  t h i s  s t a t i s t i c a l  t e s t  i s  t h a t  th e  mean v a lu e  f o r  
each season do n o t s i g n i f i c a n t l y  d i f f e r  fro m  one a n o th e r ;  t h a t  i s  to  
say , th a t  th e  means f o r  each season a re  e q u a l.  In  e v e ry  c a se , save one, 
th e  a n a ly s is  p ro v id e d  s u f f i c i e n t  e v id e n c e  to  r e je c t  th e  h y p o th e s is .  The 
o n ly  e x c p e t io n  was C e n tra l P a rk  f i n e  p a r t i c u a l t e .  The a n a ly s is  r e in f o r c e s  
p re v io u s  s ta te m e n ts , w h ich  su gg e s t t h a t  r e a l  d i f f e r e n c e  can  be found betw een 
each season . The ANOVA t e s t  does n o t s e g re g a te  th e  means b u t t e s t s  them a l l  a t  
one t im e . F o r e xam p le .
C e n tr a l P a rk  TSP
H y p o th e s is :  Summer mean = F a l l  mean = W in te r  mean = S p r in g  mean
The a n a ly s is  does n o t d iv u lg e  w h ic h  seasons w ere s i g n i f i c a n t l y  
d i f f e r e n t ,  b u t  o n ly  t h a t  th e  above h y p o th e s is  i s  n o t c o r r e c t .  (O th e r  
a n a ly s e s , such as c o n t r a s t  m e thods , c o u ld  have been em ployed to  d e te r ­
m ine w h ic h  se a so n (s ) w ere  s t a t i s t i c a l l y  d i f f e r e n t ) .
A c lo s e r  lo o k  a t  the  m o n th ly  p a t te rn s  re v e a ls  t h a t  March i s  p a r­
t i c u l a r l y  h ig h  f o r  TSP le v e ls  a t  Grand S ch o o l and C i t y  H a l l ,  b o th  n e a r 
heavy t r a f f i c  a re a s . T h is  may be due to  the e x t r a  road d u s t  accum ula­
t io n  from  sand ing  d u r in g  w in t e r  o p e ra t io n s .  March i s  a t y p ic a l  m onth 
f o r  roads  to  become c le a r  a g a in ,  and c o u ld  th e r e fo r e  p o sse ss  an excess  
o f  p a r t i c le s  t h a t  may become a ir b o r n e  fro m  a u to m o tiv e  t r a f f i c .
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The m o n th ly  and seasona l v a r ia t io n s  can be c h a r a c te r iz e d  and sum­
m a riz e d  as f o l lo w s :
1. H ig h e s t se aso n a l v a lu e s  o c c u r in  the  summer f o r  TSP and co a rse  
p a r t i c u la t e s .
2 . The lo w e s t se aso n a l v a lu e s  a re  c o n s is t e n t ly  in  th e  w in t e r .
3 . The co a rse  p a r t i c u la t e  d a ta  g e n e r a l ly  f o l lo w s  th e  p a t te rn s  above and 
e m p ha s ize s  the  h ig h  v a lu e s  in  summer.
4 . The f i n e  p a r t i c u la t e  d a ta  does n o t e x h ib i t  such an o b v io u s  
v a r i a t i o n .  An a n a ly s is  o f  v a r ia n c e  (ANOVA) p e rfo rm e d  on these  
d a ta  f a i l e d  to  r e je c t  the  n u l l  h y p o th e s is  t h a t  a l l  seasons a re  
e q u a l.
5 . The p a r t i c u la t e  so u rce s  a re  p ro b a b ly  n o t from  m a jo r i n d u s t r ia l  
s ta c k s  s in c e  th e  p a r t i c u la t e  d i s t r i b u t i o n  was c o u n te r  to  the 
s u l f u r  d io x id e  d i s t r i b u t i o n .
6 . The re a d in g s  a re  p ro b a b ly  a s s o c ia te d  w i t h  m an 's  a c t i v i t i e s  and 
appear to  be r e l a t i v e l y  a s s o c ia te d  w ith  a u to m o b ile  t r a f f i c .
Day o f Week Com parison 
A co m p a riso n  was made betw een p a r t i c u la t e  le v e ls  f o r  d i f f e r e n t  days 
o f  the week. The pu rpose  o f  such a co m p a riso n  i s  to  d e te rm in e  d i f f e r e n ­
ces in  a i r  p o l lu t io n  re a d in g s  betw een two s e p a ra te  s e ts  o f  n a n 's  
a c t i v i t i e s .  F o r t h i s  co m p a riso n  the  day o f the  week (S unday th ro u g h  
S a tu rd a y ) was coded on the  SPSS f i l e  as p r e v io u s ly  d e s c r ib e d .  A com­
p a r is o n  was then  made be tw een  v a lu e s  o f  one day o f the  week v e rs u s  the  
o th e r s .  S ince  i t  i s  re a s o n a b le  to  assume th a t  m e te o ro lo g y  i s  n o t 
a f fe c te d  by the  day o f the  week, th e n  any d i f fe r e n c e s  seen betw een d i f ­
f e r e n t  days can he a t t r ib u t e d  to human a c t i v i t i e s .
A l l  c o m p u ta tio n s  w ere p e rfo rm e d  on the  SPSS s t a t i s t i c a l  package as 
p r e v io u s ly  d e s c r ib e d .  A ppend ix  E c o n s is ts  o f  the  o r ig in a l  r e s u l t s  by 
com paring  days o f the  week b o th  as a l l  seasons combined and by season. 
C om puta tions  a ls o  w ere made f o r  weekend v e rs u s  w eekday, a lth o u g h  not
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p re s e n te d . An a n a ly s is  o f  the  d a ta  suggested  th a t  S a tu rd a y  and Sunday 
w ere  q u i te  d i f f e r e n t  fro m  each o th e r  w i t h  re g a rd  to  p a r t i c u la t e  le v e ls .  
A n o th e r a n a ly s is  was made com paring  Sundays w i t h  th e  o th e r  days o f  the  
week. A summary o f  these  d a ta  i s  p re s e n te d  b e lo w  in  T a b le  9.
U n fo r tu n a te ly ,  th e re  was n o t enough d a ta  to  make c o n c lu s io n s  on 
many seasona l c o m p a r is o n s . C om parisons made w i t h  th e  number o f  cases 
le s s  th a n  te n  was c o n s id e re d  to  be in a p p r o p r ia te .  The o th e r  d a ta ,  
how eve r, do y ie ld  some in t e r e s t in g  o b s e rv a t io n s .
In  a d d i t io n  to  th e  co m p a rison s  in  T a b le  9 , a t - t e s t  was conducted  
on a l l  o f the  season-com b ined  d a ta .  The t - t e s t  i s  a s t a t i s t i c a l  te c h ­
n iq u e  somewhat s im i la r  to  the ANOVA t e s t  d e s c r ib e d  in  the  p re v io u s  
s e c t io n .  The t - t e s t ,  h ow eve r, a t t e p t s  to  compare th e  d i f fe r e n c e s  in  
mean, i f  any , b e tw een  tw o p o p u la t io n s .  F o r t h i s  c a s e , the  n u l l  h yp o th e ­
s is  i s  t h a t  th e  mean p a r t i c u la t e  le v e ls  on Sundays a re  e q u a l to  the  p a r­
t i c u la t e  le v e ls  on a l l  o th e r  d a y s . The fo l lo w in g  ta b le  (T a b le  1 0 ) p ro ­
v id e s  a summary o f  those  r e s u l t s .
F o r the seaons-com b ined  d a ta ,  n e a r ly  e v e ry  v a r ia b le  e x h ib ite d  a 
lo w e r mean d u r in g  Sunday th a n  th e  r e s t  o f the  week. Two n o ta b le  excep­
t io n s  were Lockwood S ch o o l and KGHL. I t  i s  r e l a t i v e l y  easy to  e x p la in  
any la c k  o f v a r ia t io n  a t  KGHL s in c e  i t  i s  a r u r a l  s i t e .  P resum ab ly  
m an 's  a c t i v i t i e s  do n o t change as g r e a t ly  in  a r u r a l  s e t t in g  as in  an 
urban  one from  day to  the n e x t .  Lockwood S c h o o l,  on the  o th e r  h an d , i s  
n o t so easy to  e x p la in .  W ckwood S cho o l m ig h t be d e s c r ib e d  as a subu r­
ban s e t t in g  w i t h  some in d u s t r i a l  in f lu e n c e s  as p r e v io u s ly  n o te d .
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T ab le  9
Sunday v e rs u s  R e s t o f  the  Week
A l l  Seasons 
Sunday O th e r 
Mean # Mean //
S p r in g  
Sunday O th e r 
Mean # Mean #
Summer 
Sunday O th e r 
Mean # Mean //
F a l l  
Sunday 
Mean #
O th e r 
Mean #
W in te r  
Sunday O th e r 
Mean # Mean i f
C e n tr a l P a rk TSP 67 52 83 456 71 8 83 67 85 19 106 127 72 11 92 107 40 14 52 125
C e n tr a l P a rk In h . 39 17 45 110 30 3 32 23 42 3 56 26 49 7 50 40 24 4 33 21
C e n tra l P ark Coarse 24 18 26 111 17 3 14 23 34 3 39 26 31 3 30 40 14 5 14 22
C e n tr a l P a rk F in e 14 18 19 111 14 3 18 23 8 3 17 26 18 7 20 40 12 5 21 22
Lockwood S ch o o l TSP 61 20 59 132 60 5 56 29 46 4 66 35 129 4 79 31 32 7 39 37
C i t y  H a l l  TSP 62 28 74 162 83 8 90 48 55 6 75 38 71 6 74 32 39 8 57 44
Grand A ve . S choo l TSP 57 26 66 157 82 8 89 45 51 5 63 38 58 6 61 29 32 7 49 45
KGHL TSP 43 27 43 170 55 8 43 47 42 5 48 39 52 6 49 34 27 8 35 50
C e n tra l P a rk SO2 98 70 110 427 79 10 68 69 55 22 72 134 106 14 142 83 140 24 146 141
C e n tra l P a rk  and 
A l l  o th e r  s i t e s
Lockwood S cho o l : 1978 
19 7 7
th ro u g h
th ro u g h
May
May
1980
1980
// -  num ber o f  days w ith  v a l id  d a ta  (c a s e s )
U n it s  -  P a r t ic u la te s  = m ic ro g ra m s  p e r c u b ic  m e te r
S u l fu r  D io x id e  = p a r ts  p e r b i l l i o n  (vo lu m e )
76
T a b le  10 
T -T e s t
Sunday V e rsu s  R e s t o f  the  Week
V a r ia b le /S i t e T—V a lu e
D egrees o f  
Freedom
P r o b a b i l i t y
V a lue
S ta t .  
D i f f e r e n t  '
C e n tra l P a rk  TSP - 2 . 2 0 47 6 .028 Yes
C e n tra l P a rk  In h a la b le - 0 .88 125 .379 No
C e n tra l P ark  Coarse -0 .2 4 127 .810 No
C e n tra l P ark  F in e -2 ,0 7 127 .041 Yes
Lockwood S choo l TSP 0 .17 150 .861 No
C it y  H a l l  TSP -1 .7 2 188 .088 B o r d e r l in e
Grand A ve . S choo l TSP - 1.00 181 .32 0 No
KGHL TSP 0 . 0 3 195 .976 No
C e n tra l P ark  SO2 -0 .9 6 495 .339 No
N o te : E x p la n a tio n  o f  s t a t i s t i c s  on the  fo l lo w in g  page. D ata  re p re s e n ts
a l l  seasons co m b ined .
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I t  I s  re a s o n a b le  to  assume t h a t  m an 's  a c t i v i t i e s  change be tw een  
Sundays and the  r e s t  o f  the week. M a jo r I n d u s t r ia l  e m is s io n s , 
t h e r e f o r e ,  c o u ld  be re s p o n s ib le  f o r  th e  la c k  o f d i f fe r e n c e  be tw een  th e  
tw o tim e  fra m e s .
M os t ca se s , how eve r, showed some d i f fe r e n c e  be tw een  Sundays and the  
r e s t  o f  the week. O n ly  a b o u t th re e  co m p a riso n s  showed any s t a t i s t i c a l  
d i f f e r e n c e ,  w i t h  C i t y  H a l l  a b o r d e r l in e  c a s e . The C e n tra l P ark TSF s i t e  
showed the s t ro n g e s t  tre n d  betw een days o f the  week. S in ce  t h i s  I s  a 
re a o n a b ly  r e l ia b le  r e s id e n t ia l  s i t e ,  i t  c o u ld  be e x p la in e d  by le s s  v e h i­
c u la r  t r a f f i c  in  th e  a re a .  The s t a t io n  was lo c a te d  w i t h in  a p a rk  and 
n e x t  to  a te n n is  c o u r t  and p re su m a b ly  w ou ld  have re c e iv e d  g r e a te r  use 
d u r in g  Sunday th a n  any o th e r  day o f  the  week (e x c e p t th e  w in t e r ) .  T h is  
in c re a s e d  use in  the  P a rk  d id  n o t cause an accom panying in c re a s e  in  p a r­
t i c u a l t e  le v e ls .  I t  i s  d i f f i c u l t  to  e x p la in  th e  o bse rved  d i f fe r e n c e  
betw een Sunday and the  r e s t  o f  the  week f o r  the  C e n tra l P ark  f in e  
p a r t i c u la t e .  I t  appea rs  th a t  the  so u rce s  o f  the f i n e  p a r t i c u la t e  a re  
r e la te d  to  the  days o f the week. I f  one assumes t h a t  m an-induced  a c t i ­
v i t i e s  a re  re s p o n s ib le  f o r  in c re a s in g  a i r  p o l lu t io n  le v e ls ,  th e n  th e  
f in e  p a r t i c u la t e s  a re  even  m ore d i f f i c u l t  to e x p la in .  M ost o f  man’ s 
a c t i v i t i e s ,  save c o m b u s tio n , a re  g e n e r a l ly  assumed to  be coarse  o r 
la r g e r  p a r t i c le s .  I f  f i n e  p a r t i c u la t e s  d ecrease  d u r in g  Sunday, as 
in d ic a te d ,  then  the  cause o f  t h a t  r e d u c t io n  i s  d i f f i c u l t  to e x p la in  
u n le s s  a u to m o tiv e  e m is s io n s  a re  the  c u l p r i t .  The o n ly  o th e r  p la u s ib le  
e x p la n a t io n  w ou ld  be th a t  th e  mean v a lu e  o f  f in e  p a r t i c u la t e s  i s  in v a l id  
because the  p o p u la t io n  s iz e  (1 8 )  i s  i n s u f f i c i e n t .  A g a in , m a jo r in d u s t r y  
i s  p ro b a b ly  n o t re s p o n s ib le  f o r  such a decrease  on Sunday s in c e  i t  
o p e ra te s  a t  a r e l a t i v e l y  c o n s ta n t  r a t e .
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P erha p s  co m m e rc ia l and w e e k d a y -re la te d  s e rv ic e s  to  in d u s t r y  a re  re sp o n ­
s ib le  f o r  the  d ec rea se  in  f i n e  p a r t i c u la t e .
I t  may be p o s s ib le  to  a t t r i b u t e  th e  d i f f e r e n c e  be tw een  Sunday and 
th e  r e s t  o f the  week, even th o u g h  a l l  cases a re  n o t s t a t i s t i c a l l y  
s i g n i f i c a n t ,  to  a u to m o t iv e - re la te d  d i f fe r e n c e s .  U n fo r tu n a te ly ,  no d a y -  
o f- th e -w e e k  t r a f f i c  c o u n ts  w ere  a v a i la b le  f o r  B i l l i n g s .  D a ta  do e x is t ,  
h o w e ve r, f o r  G re a t F a l l s  and M is s o u la .  The M is s o u la  t r a f f i c  c o u n te r  i s  
lo c a te d  nea r O range S t r e e t  b r id g e ,  w h i le  the  G re a t F a l l s  c o u n te r  i s  
lo c a te d  on T e n th  Avenue S ou th  be tw een  N in th  and T e n th  S t r e e t .  T h is  
lo c a t io n s  a re  s im i la r  to  the B i l l i n g s  c o u n te r  i n  t h a t  th e y  a re  a l l  
lo c a te d  on busy avenues o f  t r a v e l  in  each c i t y .  T ab le  11 b e low  sum­
m a riz e s  these  d a ta  f o r  the  tw o -y e a r p e r io d  o f  1978 -1979 .
T a b le  11
T r a f f i c  C o u n t: M is s o u la  and G re a t F a l ls  V e rsu s  Day o f Week
M is s o u la G re a t F a l ls
V e h ic le s  
p e r day
%
o f Mean
# o f  days 
sampled
V eh lc  le  s 
p e r day
%
o f Mean
# o f  days 
sampled
Sunday 11,753 63 72 21,829 73 126
Monday 20 ,223 109 71 30 ,498 102 126
Tuesday 2 0 ,050 108 72 31,128 104 126
Wednesday 20 ,089 109 72 3 1 ,4 1 3 105 126
T hursday 19,995 107 72 32 ,221 108 126
F r id a y 22 ,106 119 72 33 ,737 113 126
S a tu rd a y 16 ,235 87 72 28,541 95 126
Mean 18 ,633 100 72 29 ,909 100 126
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D e s p ite  the  f a c t  t h a t  we a re  d e a lin g  w i t h  two s e p a ra te  c i t i e s ,  the  
t r a f f i c  p a t te r n s  f o r  each day o f  the  week a re  s u p r i s i t ^ l y  s im i la r .  I f  
one were to  ra n k  the  days o f  the  week from  in c re a s in g  to  d e c re a s in g  
v a lu e s ,  the  f o l lo w in g  w o u ld  o c c u r :
Sunday = 1 (a p p ro x .  70% o f  mean) - lo w e s t -
S a tu rd a y  = 2 (a p p ro x .  90% o f  mean)
Monday th ro u g h  T h u rsda y  = 3 (a p p ro x .  106% o f  mean)
F r id a y  = 4 (a p p ro x .  116% o f  mean) -h ig h e s t^
S in ce  these  two in d e p e n d e n t c i t i e s  in  M ontana have v e ry  s im i la r  t r a f f i c  
p a t te r n s ,  i t  w ou ld  n o t be u n re a so n a b le  to  assume t h a t  B i l l i n g s  has the  
sane w e e k ly  v a r ia t io n s .  I f  a u to m o b ile  t r a f f i c  i s  re s p o n s ib le  f o r  any 
m a jo r p a r t i c u la t e  re a d in g s ,  one s h o u ld  e xp e c t to  f in d  d i f fe r e n c e  be tw een  
Sunday and the r e s t  o f  the  week. The t r a f f i c  p a t te rn s  in d ic a te  t h a t  th e  
r a t io  betw een the  mean f o r  Sunday and the  mean f o r  the  r e s t  o f  the  week 
i s  a p p ro x im a te ly  .6 0  f o r  M is s o u la  and .70  f o r  G re a t F a l l s .  A p p ly in g  
these  d a ta  to  B i l l i n g s  le a d s  one to  assume t h a t  th e  d i f fe r e n c e  in  t r a f ­
f i c  f lo w  betw een Sunday and the  r e s t  o f  the week i s  a p p ro x im a te ly  a 35 
p e rc e n t r e d u c t io n  in  t r a f f i c  on Sunday.
Q u ite  n a t u r a l l y ,  t h i s  c o n c lu s io n  and co m p a rison  s h o u ld  n o t come 
w ith o u t  g iv in g  some c o n s id e r a t io n  to  the B i l l i n g  s a re a . For exam p le , 
the  C it y  H a l l  s i t e  p ro b a b ly  e x p e r ie n c e s  a g r e a te r  r e d u c t io n  in  t r a f f i c  
on Sunday th a n  does the  Grand Avenue S c h o o l.  T h is  o c c u rs  because the 
C ity  H a i l  s i t e  i s  lo c a te d  downtown and m ost downtown s to re s  a re  c lo s e d  
on Sunday, w h ile  the  Grand Avenue s i t e ,  lo c a te d  on Grand Avenue, has 
many shopp ing  a re a s  open on Sunday. T h is  in t e r p r e t a t i o n  f i t s  th e  
observed  d a ta  r a t h e r  w e l l .  The C ity  H a l l  s i t e  showed a la r g e r  r e d u c t io n
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r e d u c t io n  in  TSP th a n  d id  the  Grand Avenue s i t e  d u r in g  Sundays.
The d a ta  f r o a  t h i s  day  o f  the  week com p a r i  son was somewhat c o n ­
fu s in g  and c o n t r a d ic t o r y .  The r e s u l t s  a re  sum m arized b e lo w .
1. A l l  s i t e s ,  save o n e , d is p la y e d  le s s  p a r t i c u la t e s  on Sunday th a n  th e  
r e s t  o f  the  week
2. O n ly  the  C e n tr a l P a rk  TSP, C e n tra l P a rk  f i n e ,  and to some d e g re e  the
C i t y  H a l l  TSP showed s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe r e n c e s  be tw een
Sunday and th e  r e s t  o f  th e  week.
3 . The s i t e s  show ing  the  le a s t  v a r ia t io n  w ere  Lockwood S choo l TSP and
KGHL TSP. KGHL ca n  be e x p la in e d  due to  i t s  r u r a l  n a tu re ,  w h ile
Lockwood was n o t  as s a t i s f a c t o r a l l y  r e s o lv e d .
4 . Not enough d a ta  e x is te d  to  make m e a n in g fu l c o m p a r iæ n s  betw eeen days 
o f  the week w i t h in  each  sa son .
5. An a n a ly s is  o f  day o f  the  week t r a f f i c  p a t te rn s  in  M is s o u la  and
G re a t F a l ls  p re s e n te d  r e s u l t s  t h a t  w ere  q u i t e  s im i la r .  I t  i s  
assum ed, t h e r e fo r e ,  t h a t  B i l l i n g  s has th e  same p a t te r n :
Sunday = 1 ( lo w e s t )
S a tu rd a y  = 2 
Monday th ro u g h  T h u rsda y  = 3
F r id a y  = 4 ( h ig h e s t )
S in ce  the  p a r t i c u la t e  d a ta  had a s im i la r  p a t t e r n ,  i t  i s  lo g ic a l  
to  assume t h a t  t r a f f i c  has an in f lu e n c e  on some o f  the  re a d in g s .
6 . O u tdoo r r e c r e a t io n a l  a c t i v i t i e s  a re  p ro b a b ly  n o t a m a jo r c o n t r ib u t o r
to  p a r t i c u la t e  v a lu e s  as a u to m o tiv e  t r a f f i c ,  s in c e  one w ou ld  e xp e c t
S a tu rd a y  and Sunday to  be h ig h e r  th a n  th e  r e s t  o f  the  week. The 
o bse rved  d a ta  in d ic a t e  the  o p p o s ite  e f f e c t  to  t h i s  p a t t e r n .
Wet D a y /D ry  Day C om parisons 
I t  i s  easy to  e n v is io n  how the  amount o f  r a i n f a l l  o r  s n o w fa l l  can 
a f f e c t  p a r t i c u la t e  re a d in g s .  D u rin g  p e r io d s  o f r a in  o r  snow, the  ground 
rem ains wet and te n d s  to  h o ld  p a r t i c le s  on the  g round  re g a rd le s s  o f  the 
v a r io u s  a c t i v i t é s  to  make th e n  a ir b o r n e ,  such as w ind and t r a f f i c .  Rain 
o r  snow can a c t u a l l y  wash o u t p a r t i c le s  in  th e  a i r ,  f u r t h e r  re d u c in g  the  
p a r t i c u la t e  re a d in g s .  In  o rd e r  to  e s t im a te  the  im pact o f  t h i s  a f f e c t ,  a 
p r e c ip i t a t io n  in d e x  was used as d e s c r ib e d  in  th e  m e th o d o lo g y  and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
81
a n a ly s is  m ethod c h a p te r s .  The raw  p r e c ip i t a t i o n  d a ta  w ere  o b ta in e d  from  
th e  N a t io n a l O cean ic  and A tm o s p h e r ic  A d m in is t r a t io n  and coded onto  the  
SPSS d a ta  f i l e .  Snow f a l l  was in c lu d e d  in  t h i s  d a ta  a s  an e q u iv a le n t  
amount o f  r a in .  The p r e c ip i t a i t o n  in d e x  was c a lc u la te d  u s in g  a FORTRAN 
p rog ram  and a ls o  coded on to  the SPSS system .
In  o rd e r  to  s im p l i f y  th e  a n a ly s is ,  i t  was d e c id e d  to  use a s im p le
w et day v e rs u s  d r y  day c o m p a r is o n . A c r i t i c a l  v a lu e  o f  5 was chosen  to
re p re s e n t  a w e t d a y . T h is  num ber was chosen f o r  v a r io u s  re a s o n s :
1 . The in d e x  v a lu e  had to  be lo w  enough such t h a t  th e re  w ou ld  be 
enough d a ta  to  p e r fo rm  s t a t i s t i c a l  co m p a ris o n s ; and
2 . V a r io u s  o th e r  v a lu e s  f o r  an in d e x  were com pared . I t  was found
t h a t  an in d e x  o f g r e a te r  th a n  5 produced e s s e n t ia l l y  the  same
r e s u l t s  as 5 . S m a lle r  in d e x e s , how eve r, caused a s ig n i f i c a n t  
d i f fe r e n c e  in  the  outcom e o f  subsequen t a n a ly s e s .  I t  was 
co n c lu d e d  th a t  5 p ro v id e d  the maximum amount o f  d a ta  f o r  s ta ­
t i s t i c a l  a n a ly s is  w ith o u t  s a c r i f i c in g  any o f the r e s u l t s .
A co m p a ris o n  was made betw een th e  p a r t i c u la t e  re a d in g s  f o r  days 
h av ing  a p r e c ip i t a t i o n  re a d in g s  g r e a te r  th a n  5 (w e t day) a g a in s t  the  
p a r t i c u la t e  re a d in g s  f o r  days o b s e rv in g  a p r e c ip i  t a lo n  in d e x  le s s  th a n  
o r e qu a l to  5 ( d r y  d a y ) .  The fo l lo w in g  ta b le  (T a b le  12) i s  a summary o f 
these d a ta .
A q u ic k  re v ie w  o f  the  ta b le  in d ic a te s  t h a t  n e a r ly  e v e ry  v a r ia b le  
e x h ib ite d  a lo w e r mean d u r in g  w e t days as opposed to  d ry  d a y s . The same 
tre n d  i s  n o t ic e d  n o t o n ly  f o r  a l l  seasons co m b ine d , b u t f o r  a l l  i n d i v i ­
d u a l seasons as w e l l .  In  o rd e r  to  a id  f u r t h e r  in  the  i n t e r p r e t a t i o n ,  a 
t - t e s t  was computed on th e  d a ta  s e t .  The h y p o th e s is  o f  the  t e s t  was the 
mean v a lu e  d u r in g  the  w e t day e qu a le d  ( i . e . ,  was n o t s t a t i s t i c a l l y  d i f ­
fe r e n t  fro m ) the  mean v a lu e  d u r in g  the d ry  d a y s . T a b le  13 i s  a summary 
o f these d a ta .
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T a b le  12 
Wet D a y /D ry  Day Com pariaans
A l i  Seasons 
Wet D ry
S p r in g  
Wet D ry
Summer
Wet
F a l l
Wet D ry
W in te r  
Wet I
Mean # Mean , » Mean # Mean # Mean # Mean // Mean // Mean # Mean # Mean #
C e n tr a l  P a rk  TSP 59 173 94 305 57 33 101 42 79 58 119 88 58 33 102 85 37 49 59 90
C e n t r a l  P a rk  In h . 16 44 26 83 26 12 37 14 39 10 62 19 30 13 58 34 22 9 37 16
C e n t r a l  P a rk  Coarse 14 45 24 84 12 12 17 14 22 10 47 19 14 13 36 34 6 10 37 16
C e n tr a l  P a rk  F in e 16 45 20 84 15 12 20 14 17 10 15 19 16 13 22 34 17 10 20 17
Lockwood S cho o l TSP 42 42 79 50 50 10 79 7 49 12 81 13 39 6 123 14 30 14 40 16
C ity  H a l l  TSP 63 58 88 70 81 18 117 17 69 14 89 17 58 9 87 14 41 17 65 22
Grand A ve . TSP 34 55 83 67 78 17 125 15 60 13 74 16 32 7 79 13 35 18 65 23
KGHL TSP 37 58 52 73 35 17 49 16 37 13 58 17 46 9 65 16 34 19 40 24
C e n tra l P ark  SO2 100 180 112 317 58 38 80 41 49 54 80 102 145 30 133 67 151 58 142 107
C e n tr a l P a rk  and Lockwood S c h o o l: 1978 th ro u g h  May 1980 
A l l  o th e r  m o n ito r in g  s i t e s  : 1977 th ro u g h  May 1980
# = number o f  days w i t h  v a l id  d a ta  (c a s e s )
U n i t s :  P a r t ic u la te s  = ug/m ^
S u l fu r  D io x id e  = p a r t s  
p e r  b i l l i o n
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T a b le  13 m ore c l e a r l y  shows the  tre n d  t h a t  w e t days have a m a jo r 
e f f e c t  on the  p a r t i c u la t e  re a d in g s .  O n ly  f in e  p a r t i c u la t e  fa H e d  to  
show any d eg ree  o f  s ig n i f ic a n c e  be tw een  w e t and d ry  days o ve r a l l  
seasons . The C e n tra l P a rk  f i n e ,  how eve r, was b o r d e r l in e .  I t  i s  n o t to o  
s u r p r is in g  th a t  th e  s u l f u r  d io x id e  v a lu e s  f o r  a l l  seasons d id  n o t show 
any d i f fe e n c e .  The s u l f u r  d io x id e  co m p a rison  was based upon a p r e c ip i ­
t a t io n  in d e x  w h ic h  ta k e s  in t o  a c c o u t p re v io u s  am ounts o f  p r e c ip i t a t io n  
and n o t ju s t  the  day in  q u e s t io n .  The C e n tra l P a rk  f in e  p a r t i c u la t e ,  
how eve r, a p p a re n t ly  shows s ig n s  o f  h a v in g  c h a r a c t e r is t ic s  o f  b o th  the  
TSP and g a se s . T h is  i s  p e r f e c t l y  lo g ic a l  s in c e  s m a lle r  p a r t i c le s  b e g in  
to  behave more l i k e  gas m o le c u le s  th a n  p a r t i c u la t e s  i f  th e  c o m p o s it io n  
i s  s m a ll enough.
I t  w ou ld  seem to  be a lo g ic a l  c o n c lu s io n  to  s ta te  t h a t  so u rce s  
c o n t r o l le d  by p r e c ip i t a t i o n  have a m a jo r  im p a c t upon the  p a r t i c u la t e  
le v e ls  in  B i l l i n g s ,  a t  le a s t  as  f a r  as a l l  seasons combined a re  
co n ce rn e d . C le a r ly ,  when one rem oves these  sou rces  o f  a i r  p o l l u t i o n ,  
v ia  p r e c ip i t a t io n ,  th e  re a d in g s  a re  g e n e r a l ly  re d u c e d . The r a t io  
between w e t and d ry  d ays  v a r ie s  fro m  a bo u t .41 to  .72  f o r  a l l  TSP 
s i t e s .  The in h a la b le  and coarse  p a r t i c u la t e s  a re  w i t h in  th e  same range 
a t  .62 and .58  r e s p e c t iv e ly .  O n ly  the  f in e  f r a c t i o n  s ta n d s  a lo n e  w i t h  a 
r a t io  o f .8 0 . C e n tra l P a rk  TSP, Lockwood TSP, and Grand A ve. S choo l TSP 
show the  g r e a te s t  e f f e c t  o f  p r e c ip i t a t i o n .  These re d u c t io n s  a re  r a th e r
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T a b le  13
Wet D a y /D ry  Day S t a t i s t i c a l  Summary 
A l l  Seasons S rp in g Summer F a l l W in te r
P r o . SD P ro . SD P ro . SD P ro . SD P ro . SD
C e n tra l P a rk  TSP .000 Yes .000 Yes .000 Yes .000  Yes .000 Yes
C e n tra l P a rk  In h . .000 Yes .115 No .004 Yes .002 Yes * * * * * * * *
C e n tra l P a rk  C oarse .000 Yes .181 No .001 Yes .004  Yes .097 7
C e n tra l P ark  F in e .072 ? .143 No .611 No .061 ? .550 No
Lockwood S choo l TSP .000 Yes * * * * * * * * .011 Yes * * * * * * * * * .0 5 6 ?
C ity  H a l l  TSP .000 Yes .012 Yes .027 Yes * * * * * * * * * .02 4 Yes
Grand A ve. TSP .000 Yes .01 3 Yes .1 1 4 No * * * * * * * * * .038 Yes
KGHL TSP .000 Yes .031 Yes .004 Yes * * * * * * * * * .3 2 3 No
Where:
P ro . = p r o b a b i l i t y  v a lu e  e xp resse d  in  d e c im a l 
SD = S t a t i s t i c a l  D if fe re n c e ?  Y es , No, o r  ?
I f  the  p r o b a b i l i t y  v a lu e  was le s s  th a n  .0 5 ,  th e n  SD 
resp on d ed  to  by  a "Y e s ” . I f  th e  v a lu e  was g r e a te r  
th a n  .1 0 ,  th e n  th e  response  was "No” . Each o th e r  v a lu e  
re c e iv e d  a "? "  s in c e  i t  was a b o r d e r l in e  c a s e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
85
s u b s ta n t ia l  and c o n s t i t u t e  a m a jo r  p o r t io n  o f  the  TSP le v e ls  found in  
the  a re a .  T h is  means t h a t  be tw een  29 p e rc e n t and 59 p e rc e n t o f  the  TSF, 
in h a la b le ,  and co a rse  re a d in g s  a re  a p ro d u c t o f  these  s o u rc e s . These 
f ig u r e s  a re  n o t e x a c t in  t h a t  th e  s e le c t io n  be tw een  w e t and d ry  days i s  
somewhat a r b i t r a r y .
I t  seems r a t h e r  o b v io u s  t h a t  th e  g e n e ra l sou rce  o f  t h i s  p a r t i c u la t e  
m ust be the  g ro u n d , ro a d s , s t r e e t s ,  and so f o r t h .  R a in f a l l  does n o t 
s i g n i f i c a n t l y  change the  e m is s io n s  fro m  m a jo r smoke s ta c k s ,  c a r  and 
t r u c k  e x h a u s t, home h e a t in g ,  and so f o r t h .  I t  a p p e a rs , th e n , t h a t  t h i s  
s o u rc e (s )  m ust be r e la te d  to  the  e a r th  o r  d e p o s ite d  on to  th e  e a r th .
These ty p e s  o f  so u rce s  can be g rouped  in t o  th re e  g e n e ra l c la s s e s :  1)
a g r i c u l t u r a l  s o i l  and d u s t ,  2 ) road d u s t ,  and 3 ) d u s t  g e n e ra te d  from  
g e n e ra l o u td o o r  a c t i v i t i e s  such as p la y g ro u n d s , p a rk s , and the l i k e .
The w et d a y /d ry  day a n a ly s is  does n o t p ro v id e  enough g e n e ra l in fo r m a t io n  
to  a p p o r t io n  each o f  the se  s o u rc e s .
I t  c o u ld  be a rgued  t h a t  th e  e f f e c t  o f  road d u s t  in  t h i s  co m p a rison  
i s  In a c c u ra te  s in c e  the  t r a f f i c  vo lum e i s  le s s  d u r in g  w et days th e re b y  
ca us ing  a re d u c t io n  in  p a r t i c u la t e  re a d in g s  u n re la te d  to  p r e c ip i t a t io n .
A com parison  was made be tw eeen  w e t-d a y  a u to m o tiv e  c o u n ts  and d ry -d a y  
a u to m o tiv e  c o u n ts  in  M is s o u la  and G re a t F a l l s .  T h is  co m p a rison  i s  g iv e n  
on T ab le  14 b e low .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8 6
T ab le  14
T r a f f i c  C ount v e rs u s  W e t-D a y /D ry -D ay
Wet Day D ry  Day D egrees P r o b a b i l i t y  S ta t .
Mean Mean T -V a lu e  Freedom L e v e l S ig n .?
M is s o u la  18 ,720  1 8 ,603  0 .3 3  498 .738 No
G re a t F a l l s  3 0 ,8 5 0  31 ,141  -0 .2 8  845 .780  No
Mean = mean d a i l y  t r a f f i c  c o u n t
The d a ta  fro m  M is s o u la  and G re a t F a l ls  c le a r l y  in d ic a t e  t h a t  th e  t r a f f i c  
p a t te rn s  do n o t change be tw een w e t and d ry  d a y s . I t  i s  assumed th a t  
B i l l i n g s  shows the  same t r e n d s .  The r e d u c t io n  in  TSP i s  m ore l i k e l y  to  
be a fu n c t io n  o f  the  th re e  c a te g o r ie s  s ta te d  in  the  p re v io u s  p a ra g ra p h .
A re v ie w  o f  the  se aso n a l co m p a rison s  betw een w e t and d ry  days does 
n o t y ie ld  any m a jo r  v a r ia t io n s  fro m  the  se a son-com bined  co m p a riso n s .
The s t a t i s t i c a l  a n a ly s is ,  h ow eve r, g iv e s  m ore cases  w here  one ca nn o t 
deny the  h y p o th e s is  t h a t  th e  two means a re  the  same. The raw d a ta ,  on 
the o th e r  hand, c o n ta in  o n ly  one p a r t i c u la t e  exam ple w here  the  p a r­
t i c u la t e  w et day i s  e q u a l to  o r  g r e a te r  th a n  th e  p a r t i c u la t e  d r y  day ;
i . e . ,  the  summer f o r  C e n tr a l P ark  f i n e  p a r t i c u la t e s .  The v a lu e s  a re  
n e a r ly  e q u a l in  any e v e n t and do n o t appea r to  e x h ib i t  any s ig n i f i c a n t  
r e s u l t s .
The s u l f u r  d io x id e  d a ta ,  h o w e ve r, a re  somewhat d is t u r b in g .  B o th  
the  s p r in g  and summer d a ta  show a s t a t i s t i c a l  d i f f e r e n c e  betw een w et and 
d ry  days w h ile  the  f a l l  and w in t e r  do n o t .  The o v e r a l l  w e t v e rs u s  d ry  
com parison  shows no d i f f e r e n c e .  No e x p la n a t io n  f o r  th e  d i f fe r e n c e  in  
the summer and s p r in g  can be o f fe r e d  e x c e p t t h a t  s u l f u r  d io x id e  i s  le s s
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s o lu b le  in  warm w a te r  th a n  in  c o ld e r  w a te r  and the w ind  d i r e c t io n  may 
v a ry  fro m  one season to  the  n e x t  d u r in g  w e t d a ys .
A summary o f  the  r e s u l t s  o f  t h i s  s e c t io n  i s  p ro v id e d  b e lo w .
1. Wet days d is p la y  s i g n i f i c a n t l y  le s s  p a r t i c u la t e  le v e ls  th a n  do d ry  
d a y s .
2 . The r a t io  o f  w e t day means to  d ry  day means ra n g e s  fro m  .41  to  .72 
f o r  a l l  p a r t i c u la t e s ,  e x c e p t C e n tra l P a rk  f i n e ,  w h ich  d is p la y e d  a 
r a t i o  o f .8 0 ,
3. The seasona l co m p a rison s  d is p la y e d  the  same c o n c lu s io n s  b u t w i th  
le s s  s t a t i s t i c a l  s ig n i f ic a n c e ,
4 . The s u l f u r  d io x id e  d a ta  showed no s t a t i s t i c a l  d i f f e r e n c e  betw een w e t 
days f o r  a l l  seasons com b ined . A s ig n i f i c a n t  d i f f e r e n c e  betw een  w e t 
and d ry  days was o b s e rv e d , how eve r, in  th e  s p r in g  and summer. The 
re a s o n  f o r  th e  v a r ia t io n  i s  n o t c le a r ,  b u t c o u ld  be due to  s u l f u r  
d io x id e s  s o l u b i l i t y  a t  lo w e r  te m p e ra tu re s  a n d /o r  chang ing  wind 
p a t te rn s  betw een w et and d ry  d a y s .
5 . No reduced t r a f f i c  f lo w  f o r  w et days i s  s u s p e c te d , based on 
M is s s o u la  and G re a t F a l ls  d a ta .  Thus, one ca n n o t a ccou n t f o r  the  
decreased  v a lu e s  based on a decrease  in  v e h ic u la r  u s e .
E n ric h m e n t F a c to r  
S e v e ra l a u th o rs  in  the  p a s t  te n  y e a rs  have used e n r ic h m e n t f a c to r s  
to  d e te rm in e  s o u rce s  o f  p a r t i c u la t e  v a lu e s  as measured by h ig h -v o lu m e , 
membrane, and d ich o to m o u s  s a m p le rs .^  The purpose  o f  e n r ic h m e n t f a c to r s  
i s  to d e te rm in e  i f  th e  c o n c e n tr a t io n s  o f  s e le c te d  e le m e n ts  a re  l i k e l y  to  
be from  the c r u s ta l  e a r th  o r  o th e r  b ackg round  m a te r ia l  . The e n r ic h m e n t 
f a c to r  model i s  more f u l l y  e x p la in e d  in  the M e th o d o lo g y  c h a p te r .
An a tte m p t was made to  d e te rm in e  w h e th e r any measured e le m e n ts  in  
B i l l i n g s  e x is te d  due to  some so u rce  o th e r  th a n  th e  c r u s t a l  e a r th .  The 
i d e n t i f i c a t i o n  o f  such e le m e n ts  c o u ld  a s s is t  in  d e f in in g  the s o u rc e .
Some c a r e fu l  c h e c k in g  o f  the  d a ta  was n e c e s s a ry  b e fo re  t h i s  s te p  was 
f i n a l l y  e x e c u te d .
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M ost a u th o rs  chose to  use d a ta  c o l le c te d  on a d ic h o to m o u s  o r  
membrane s a m p le r . The re a s o n  f o r  t h i s  c h o ic e  i s  t h a t  these  two sam p le rs  
a l lo w  f o r  a more a c c u ra te  d e te r m in a t io n  o f  c h e m ic a l e le m e n ts  and io n s  
w i t h in  the  c o l le c te d  p a r t i c u la t e .  In  the MAPS s tu d y ,  how eve r, the  m ost 
co m p le te  d a ta  s e t  re s id e d  w i t h in  th e  h ig h -v o lu m e  e le m e n ta l 
d e te r m in a t io n s .  A c o m p a r is o n  had to be made betw een d a ta  c o l le c te d  on a 
r e l ia b le  sample d e v ic e  to  d a ta  c o l le c te d  v ia  th e  h ig h -v o lu m e  s a m p le r.
In  the w in te r  o f  1978-7 9, s e v e ra l d ich o to m o u s  sam ples w ere 
c o l le c te d  and se n t to  Bob S teve n s  in  R esearch T r ia n g le  P a rk  EPA f o r  
a n a ly s is .  The a n a ly s is  m ethod used was x - r a y  f lu o r e s c e n c e ,  w h ich  i s  a 
n o n - d e s t r u c t iv e  m ethod c a p a b le  o f  a n a ly z in g  30 e le m e n ts  w i t h  e s s e n t ia l l y  
one m easurem ent. I t  was d e c id e d , t h e r e fo r e ,  to  compare e n r ic h m e n t fa c ­
to r s  u s in g  these  d a ta  w i t h  e n r ic h m e n t f a c to r s  c o l le c te d  th ro u g h  the use 
o f  the h ig h -v o lu m e  s a m p le r . E n r ic h m e n t f a c t o r s  w e re  c a lc u la te d  f o r  the  
d icho tom ous  d a ta  u s in g  the  c r u s t a l  e a r th  c o n c e n tr a t io n s  as d e te rm ine d  by 
Mason. 8 The c h a r a c t e r is t i c  e le m e n t chosen was s i l i c o n  s in c e  i t  b e s t  
re p re s e n te d  a u n iq u e  e le m e n t r e la te d  to  the  s o i l .  A lth o u g h  an e n r ic h ­
ment f a c to r  was c a lc u la te d  f o r  each o f  the  e ig h t  sam ples, the fa c to r s  
were averaged to  t r y  to  r e p re s e n t  th e  w in te r  v a lu e s .
E n rich m e n t f a c t o r s  a ls o  w ere  c a lc u la te d  f o r  the  w in te r  m on ths u s in g  
the  h ig h -v o lu m e  d a ta  c o l le c te d  in  the  MAPS s tu d y .  Of the  th re e  m ost 
commonly s ite d  e le m e n ts  in  th e  l i t e r a t u r e  as a c h a r a c t e r is t ic  e le m e n t, 
o n ly  alum inum  was a v a i la b le .  T h e re fo re ,  the  d a ta  w e re  c a lc u la te d  u s ing  
alum inum as the  n o r m a liz in g  e le m e n t. The c r u s t a l  e a r th  c o n c e n tra t io n s  
p ro v id e d  by Mason^ a ls o  was used to  d e te rm in e  e n r ic h m e n t f a c t o r s .  T ab le  
15 below  i s  a c o m p a r is o n  be tw een  th e  two e n r ic h m e n t f a c t o r s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
89
T a b le  15 
E n r ic h m e n t F a c to r  C om parison
E lem ent
A lum inum
P hosphorous
S u l fu r
Manganese
I r o n
Z in c
Brom ine
S tro n t iu m
Lead
Copper
D icho tom ous
Mason
S i l i c o n
2 .4  
12.0
1 .5 9 8 .0  
* * *
1 .5  
7 8 .8
1 9 ,3 7 2 .0
3 .4
8 .7 6 5 .0  
3 7 .3
H igh -V o lum e 
Mason 
A lum inum
1.0
* * *
* * *
3 .0
1 .7
18.1
* * *
* * *
1 ,0 5 0 .0
91 .1
D icho tom ous = sam p les a n a ly z e d  by x - r a y  f lu o re s c e n c e  b y  EPA 
H igh -V o lum e  = sam ples a n a ly z e d  on the  h i - v o l  f i l t e r  by
D e p a rtm e n t o f  H e a lth  u s ip g  a to m ic  a b s o rp t io n .
Com paring a lum inum e r e s u l t s  y ie ld s  an e s t im a te  o f  e r r o r  t h a t  can  be 
expected  from  the  two m e th o d s . S in ce  a lum inum  was the  c h a r a c t e r is t ic  
e lem en t f o r  the h ig h -v o lu m e  a n a ly s is ,  the  e n r ic h m e n t f a c t o r ,  q u i te  
n a t u r a l ly ,  was o n e . F o r d ic h o to m o u s  d a ta ,  how eve r, the v a lu e  was 2 .4 .
I t  would appear to  be in a p p r o p r ia te  to  su gg e s t t h a t  any e le m en t whose 
e n rich m e n t f a c to r  was o n ly  s l i g h t l y  g r e a te r  th a n  2 was e n r ic h e d  from 
som ething o th e r  th a n  c r u s t a l  e a r th .
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A lth o u g h  th e  v a lu e s  betw en  th e  d ic h o to m o u s  and TSP d a ta  v a ry ,  the 
c o n c lu s io n s  draw n from  each sam p le r a re  the  same. B o th  m ethods su gg e s t 
th a n  i r o n  I s  n o t e n r ic h e d  and le a d  I s  h e a v i ly  e n r ic h e d .  Lead found on 
these  f i l t e r s  c a n n o t be e x p la in e d  by the  c r u s t a l  e a r th ,  w h ile  the  i r o n  
found  on the  f i l t e r s  in  a l l  l i k e l ih o o d  i s  a p ro d u c t o f  the  c r u s ta l  
e a r th .  The m a g n itu d e  o f  e n r ic h m e n t b y  c o p p e r ,  z in c ,  and le a d  a re  n o t in  
c lo s e  agreem ent be tw een  the  m e thods , b u t  th e  c o n c lu s io n s  a re  g e n e r a l ly  
the  same.
The e n r ic h m e n t f a c to r s  w ere  th e n  c a lc u la te d  u s in g  the  e n t i r e  d a ta  
s e t f o r  the  h ig h -v o lu m e  and membrane f i l t e r s .  The r e s u l t s  o f  those  
e n r ic h m e n ts  a re  s u p p lie d  in  T a b le  16 b e lo w .
T a b le  16
E n r ic h m e n t F a c to rs  -  D e p a rtm en t o f  H e a lth  Data 
C ru s ta l E a r th  -  Mason 
A lum inum
Elem ent A l l  Seasons S p r in g Summer F a l l W in te r
Aluminum 1.0 1.0 1.0 1.0 1.0
A rs e n ic 3 9 .6 15 .0 17 .2 8 .5 174.3
Cadmium* 1 ,2 0 4 .4 6 3 7 .0 572 .5 422 .9 5 ,0 3 6 .5
Copper 9 1 .1 8 6 .3 5 8 .3 9 1 .4 142.8
I ro n 1 .7 1.8 1 .9 1.8 1 .4
Lead 1 ,0 5 0 .0 8 1 9 .4 612 .1 917 .1 2 ,1 6 6 .9
Manganese 3 .0 3 .2 3 .0 1 .7 4 .6
N ic k e l 1 8 .6 2 9 .8 5 .3 14.3 41 .7
Z in c 18.1 15 .8 13.1 1 8 .2 30 .7
*The c o n c e n tr a t io n s  re p o r te d by Mason o f  cadmium in  the c r u s ta l
e a r th  was nea r th e  d e t e c t a b i l i t y  o f  the  m e th o d o lc g y . E n rich m e n t 
F a c to rs ,  t h e r e fo r e ,  may n o t be f u l l y  a c c u ra te .
T ab le  16 shows t h a t  le a d  i s  c e r t a i n l y  h e a v i ly  e n r ic h e d  compared to 
a l l  o th e r  e le m e n ts . No c o n c lu s io n s  w ere  draw n w i t h  cadmium s in c e  
a c c o rd in g  to the Mason f ig u r e s ,  i t  was n e a r th e  d e t e c t a b i l i t y  l i m i t s .  A 
sm a ll e r r o r  in  the  m easurem ent o f  cadmium by Mason, th e r e fo r e ,  c o u ld
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have a la r g e  im p a c t upon the  r e s u l t a n t  e n r ic h m e n t f a c t o r .  I t  a ls o  
app e a rs  t h a t  co p p e r and a rs e n ic  a re  e n r ic h e d .  N ic k e l and z in c  appea r to  
be e n r ic h e d  b u t n o t n e a r ly  to  the  d eg ree  o f  the  above m e n tio n e i 
e le m e n ts . I r o n  and manganese do n o t appear to  be e n r ic h e d  and a re  p ro ­
b a b ly  r e la te d  to  the  c r u s ta l  e a r th .
The change in  e n r ic h m e n t f a c to r s  betw een the  seasons i s  a ls o  o f 
i n t e r e s t .  W in te r  i s  c l e a r l y  th e  season o f  the  h ig h e s t  e n r ic h m e n t, w h ich  
comes as no s u rp r is e  s in c e  w in te r  a ls o  c o n ta in s  a g r e a t  d e a l o f  snow 
c o v e r ,  e f f e c t i v e l y  re d u c in g  the  c o n t r ib u t io n s  o f  c r u s ta l  e a r th  to  the  
f i l t e r s .  The f a c t  t h a t  th e  e n r ic h m e n t f a c t o r  changes ( lo w e r  in  n e a r ly  
e v e ry  ca se ) fro m  w in te r  to  the  o th e r  seasons i s  an in d ic a t io n  t h a t  
c r u s ta l  e a r th  m a te r ia ls  c o n t r ib u te  to  p a r t i c u la t e  c o n c e n tra t io n s  d u r in g  
the  o th e r  seasons. S in ce  summer c o n ta in e d  the lo w e s t e n r ic h m e n t 
f a c to r s ,  i t  m ust have been the  season w i t h  the  g r e a te s t  c o n c e n tr a t io n  o f 
c r u s ta l  e a r th  m a te r ia ls .
The a n a ly s is  was c a r r ie d  one s tep  f u r t h e r  by  u s in g  a d i f f e r e n t  
background r a t io  ( i . e . ,  d e n o m in a to r in  th e  e n r ic h m e n t f a c t o r  m o d e l) .  
R a the r th a n  u s in g  o n ly  d a ta  g e n e ra te d  by Mason, w h ich  re p re s e n ts  the  
e a r th  as a w h o le , i t  was d e c id e d  to seek o u t d a ta  t h a t  were more c lo s e ly  
a s s o c ia te d  w i t h  B i l l i n g s .  The E m is s io n s  In v e n t ro y  p o r t io n  o f  the MAPS 
p r o je c t  sampled v a r io u s  s o u rce s  in  m ost o f  the  m a jo r MAPS co m m u n itie s .
In  B i l l i n g s ,  sam ples w ere  ta k e n  o f  c e r t a in  s o u rc e s , in c lu d in g  roads
(paved , unpaved, t r a v e l  la n e s ,  and c u rb s )  and s o i l .  I t  was dec ide d  to
use the a g r i c u l t u r a l  f i e l d  sam ples to  re p re s e n t the  background
c o n c e n tra t io n  in  B i l l i n g s .  The f i e l d  sample was a n a lyze d  by M idw est
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
92
R esearch  I n c .  u s in g  a t o t a l  d ig e s t io n  p ro c e d u re ,  and i s  re p o r te d  as
fo l lo w s  in  u n i t s  o f  m ic ro g ra m s  p e r c u b ic  m e te r .
A lum inum  = 6 8 ,2 0 0 .
A rs e n ic  = 4 .9 2
Cadmium = 0 .9 9
C opper = 248.
I r o n  = 2 7 ,4 0 0 .
Lead = 3 3 .2
Z in c  = 136.
Vanadium  = 96.
These f ig u r e s  w ere th e n  a p p lie d  to  the h ig h -v o lu m e  and membrane d a ta
f o r  C e n tra l P a rk . The e n r ic h m e n t f a c t o r s  a re  p re s e n te d  in  T ab le  17
b e low .
T a b le  17
E n r ic h m e n t F a c to rs  -  D e p a rtm en t o f  H e a lth  
A g r ic u la t u r a l  S o i l  nea r B i l l i n g  s 
MRI D ata  
A lum inum
Elem ent A l l  Seasons S p r in g Summer F a l l W in te r
Aluminum 1.0 1.0 1.0 1.0 1.0
A rs e n ic 3 3 .8 12.8 14.6 7 .2 148.6
Cadmium 153. 1 8 1 .0 72 .8 53.7 640 .1
Copper 21.6 2 0 .4 13.8 21.6 33.8
I ro n 2.6 2.8 2 .9 2 .7 2 . 1
Lead 4 2 4 .6 3 31 .3 247 .5 370.8 8 7 6 .0
Z inc 14 .8 12 .9 10.7 14.8 2 5 .0
The r e s u l t s  a re  q u i te  s im i la r  to  T ab le 16 e xce p t t h a t  the y a re
sca led  down in  m a g n itu d e  f o r  m ost e le m e n ts . T h is  s c a l in g  down r e f l e c t s  
the e le v a te d  c o n c e n tr a t io n s  o f  e le m e n ts  in  the  B i l l i n g s  s o i l  r e la t la v e  
to  those re p o r te d  by M ason. I t  i s  b e l ie v e d  t h a t  these  d a ta  b e t t e r
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re p re s e n t  th e  c o n t r ib u t io n  o f  these  e le m e n ts  to  th e  f i l t e r  from  
s u rro u n d in g  d u s t and s o i l .  A lum inum  and i r o n  a re  c le a r l y  n o t e n r ic h e d  
fro m  so u rce s  o th e r  th a n  th e  s o i l  (assum ing  th a t  a lum inum  i s  Indeed a 
u n iqu e  o r  c h a r a c t e r is t i c  e le m e n t o f  s o i l ) .  Cadmium and le a d  a re  h ig h ly  
e n r ic h e d  by some s u rro u n d in g  sou rce  o r  s o u rc e s . The sou rce  o f  the  cad­
mium i s  n o t c le a r .  Lead c o n c e n tr a t io n s ,  on th e  o th e r  hand , a re  p o s s ib ly  
fu n c t io n s  o f  a u to m o tiv e  e xh a u s t^O . F o r tu n a te ly ,  the  c o n c e n tra t io n s  o f  
cadmium found on the  h ig h -v o lu m e  f i l t e r  a re  q u i te  lo w  and p ro b a b ly  do 
n o t re p re s e n t  a t h r e a t  to  human h e a l th .
As b e fo re ,  z in c  seems to  be e n r ic h e d  a lth o u g h  n o t h ig h ly .  I t  may 
be th a t  z in c  has s e v e ra l so u rces  o th e r  th a n  j u s t  th e  s o i l .  T h is  w ou ld  
d i lu t e  i t s  e n r ic h m e n t f a c t o r  such t h a t  i t  w ou ld  n o t d is p la y  an o b v io u s  
t re n d .  A rs e n ic  i s  in  the  same g e n e ra l c a te g o ry  b u t i s  more e n r ic h e d  
than  z in c .  The a c tu a l v a lu e s  o f  a rs e n ic  on th e  h ig h -v o lu m e  f i l t e r s  were 
a ls o  q u i te  lo w , l i k e  cadm ium , and do n o t a p p a re n t ly  re p re s e n t any s ig n i­
f i c a n t  danger to  human h e a l th .  N e v e r th e le s s ,  the  so u rce s  o f  these  com­
pounds a re  somewhat p e r p le x in g .
The same se a so n a l p a t te rn s  w ere  d is p la y e d  w i t h  the  MRI d a ta  as 
Mason d a ta .  W in te r  e x p e r ie n c e d  the  m ost e n r ic h e d  m onths, w h ile  summer 
was g e n e r a l ly  the  le a s t  e n r ic h e d ,  w h ic h  su g g e s ts  t h a t  summer p a r t i c u la t e  
Is  the most in f lu e n c e d  by s o i l - r e la t e d  c o n t r ib u t io n s .
The e n r ic h m e n t f a c t o r  c a lc u la t io n s  and summary a re  p re sen ted  be low .
1. Both the c r u s t a l  e a r th  and lo c a l  s o i l  d a ta  showed the  same g e n e ra l
e n r ic h m e n t f a c t o r s .
2. The s o i l  co m p a riso n s  e x h ib i te d  lo w e r v a lu e s  f o r  e n r ic h m e n t fa c to r s
than  the  Mason f ig u r e s  th e re b y  in d ic a t in g  a h ig h e r  background
c o n c e n tr a t io n  o f  these  e le m e n ts  th a n  e x is t  in  the  c r u s ta l  e a r th .
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3 . Lead and cadmium w e re  the  m ost e n r ic h e d  e le m e n ts . A rs e n ic ,  n ic k e l ,  
and z in c  w ere the  n e x t  m ost e n r ic h e d  e le m e n ts , w h ile  a lum inum , i r o n ,  
and manganese w ere  th e  le a s t  e n r ic h e d .
4 . A lum inum , i r o n ,  and manganese a re  p ro b a b ly  fro m  the  s o i l  s in c e  th e y  
have e n r ic h m e n t f a c t o r s  n e a r ly  e q u a l to  one .
5. A rs e n ic ,  n i c k e l ,  and z in c  a re  e n r ic h e d  b u t n o t to  the  d eg re e  o f  the  
o th e r  e le m e n ts . The so u rce  i s  u n c le a r  b u t  i t  c o u ld  be a fu n c t io n  
o f  s e v e ra l s o u rc e s .
6 . Lead and cadmium a re  h ig h ly  e n r ic h e d  s u g g e s tin g  t h a t  th e  v a s t  
m a jo r i t y  o f  the  le a d  and cadmium on the  f i l t e r s  a re  n o t  from  
s o i l ,  b u t some o th e r  so u rce  such as c a rs  o r  r e f i n e r ie s .  The 
sou rce  o f  the  cadmium i s  n o t know n.
F a c to r  A n a ly s is
A m u l t i v a r ia t e  m ethod f o r  source  d e te r m in a t io n  known as f a c t o r  
a n a ly s is ,  o r  p r in c ip a l  com ponent a n a ly s is ,  was a p p lie d  in  t h i s  p a p e r.
The f a c t o r  a n a ly s is  was a p p lie d  to  the  m e te o ro lo g ic a l and e le m e n ta l d a ta  
c o l le c te d  in  the  s tu d y . The use o f  p r in c ip a l  com ponents made i t  
p o s s ib le  to s tu d y  the se  com ponent r e la t io n s h ip s  to  each o th e r  and o th e r  
im p o r ta n t  v a r ia b le s .  The f a c t o r  a n a ly s is  was used to  e x t r a c t  i n f o r ­
m a tio n  a bo u t a s o u rc e 's  c o n t r ib u t io n  to  the  p a r t i c u la t e  le v e ls  based on 
the  v a r i a b i l i t y  o f  the  e le m e n ta l c o n c e n tr a t io n s .  I f  two o r  more e le ­
m ents o r ig in a t e  fro m  the  same s o u rc e , the  v a r i a b i l i t y  o f  these  e le m e n ts , 
as measured by the  e le m e n ta l c o n c e n t r a t io n  on the  f i l t e r s ,  w i l l  have Che 
sane v a r i a b i l i t y  o f  the  s o u rc e ; i . e . ,  the  v a r ia n c e  on the  h ig h -vo lu ra e  
sam pler f o r  these  e le m e n ts  w i l l  have the same v a r ia n c e  as the  s o u rc e .
The o b je c t  o f the a n a ly s is  i s  th e n  to  d e te c t  t h i s  common v a r i a b i l i t y  and 
im p ly  source i d e n t i f i c a t i o n  by  com paring  the e le m e n ts  w i t h  common v a r i -  
b i l i t y  to e le m e n ts  fro m  a s p e c i f i c  s o u rc e (s ) .
The s t a r t in g  p o in t  f o r  i d e n t i f y in g  these common so u rces  o f  v a r ia b i ­
l i t y  i s  the c o r r e la t io n  m a t r ix ,  w h ich  i s  a n a ly z e d  such th a t  a s e t o f
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i n i t i a l  f a c to r s  a re  e x tr a c te d  ( f a c t o r s  w i t h  common v a r ia n c e  to  one o r  
m ore e le m e n ts ) .  The i n i t i a l  f a c to r s  a re  th e n  o r th o g o n a l ly  ro ta te d  to 
o b ta in  a s o lu t io n  t h a t  b e s t  e x p la in s  a l l  e le m e n ts  o r  c o m b in a t io n  o f  
e le m e n ts . F o r t h i s  a n a ly s is  th e  p r in c ip a l  compnent m e th o d o lo g y  was used
to  e x t r a c t  the  i n i t i a l  f a c t o r s .  The re a so n  f o r  t h i s  s e le c t io n  i s
e x p la in e d  in  the  m e th o d o lo g y  c h a p te r  o f  the  r e p o r t .
To commence the  a n a ly s is ,  a c o r r e la t io n  m a t r ix  was c o n s tru c te d  and 
a n a lyze d  f o r  the  e le m e n ta l d a ta .  The m a t r ix  was p re pa re d  u s in g  a p a i r ­
w ise  c o r r e la t io n  c o e f f i c i e n t ;  t h a t  i s ,  the  c o r r e la t io n  c o e f f i c ie n t  was 
c a lc u la te d  f o r  each p a i r  o f  v a r ia b le s  re g a r d le s s  o f  the number o f
m is s in g  v a lu e s  in  any o th e r  v a r ia b le s  o f  the  same day ( c a s e ) .  Tab le  18
i s  the c o r r e la t io n  m a t r ix  o b ta in e d  f o r  the  e le m e n ta l d a ta .  Note t h a t  
vanadium  was l e f t  o f f  o f  the  a n a ly s is  s in c e  tho se  d a ta  had e s s e n t ia l ly  
no v a r ia n c e  because th e  v a lu e s  o f  the  e le m e n t w ere  n e a r ly  a lw ays be low  
the  d e t e c t a b i l i t y  o f  the  m e a su ring  d e v ic e .  A c lo s e  re v ie w  o f  th e  cad­
mium and a rs e n ic  d a ta  re v e a le d  the same g e n e ra l p a t te r n  as vanad ium . 
A lm ost a l l  v a lu e s  re p o r te d  f o r  these  two e le m e n ts  w e re  n e a r the  d e te c ­
t a b i l i t y  o f  the d a ta .  F o r t h i s  re a s o n , a l l  cadm ium, a r s e n ic ,  and vana­
dium d a ta  were n o t used in  the f i n a l  f a c t o r  ( p r in c ip a l  com ponent) 
a n a ly s is .  I t  m ust be no te d  t h a t  d a ta  w ere  o b ta in e d  on b o th  th e  membrane 
and h ig h -vo lu m e  f i l t e r s  on a l l  e le m e n ts . As was d is c u s s e d  in  the  
M e thodo logy c h a p te r ,  the  a lum inum , i r o n ,  and z in c  v a lu e s  were n o t 
re p o r te d  on the  h ig h -v o lu m e  sam p le r because o f a h ig h  background le v e l  
o f the subs tance  i n  the  f i l t e r .  In  the  case o f n i c k e l ,  th e re  w e re  le s s  
than  20 days d a ta  u s in g  the membrane f i l t e r .  These d a ta , t tm r e fo r e ,  
were n o t coded o n to  the sys tem . In  a d d i t io n ,  n e i th e r  n i t r a t e  n o r  
s u lfa te  was a n a ly z e d  on the  membrane f i l t e r .
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I t  was d e c id e d  to  use th e  membrane and h ig h -v o lu m e  d a ta  w here  
p o s s ib le  s in c e  b o th  ty p e s  o f  sa m p ling  c o u ld  y ie ld  d i f f e r e n t  r e s u l t s .
The h ig h -v o lu ra e  f i l t e r  i s  l i k e l y  to  m easure la r g e r  p a r t i c le s  th a n  the  
membrane f i l t e r .  I t  i s  p o s s ib le ,  t h e r e fo r e ,  t h a t  each sam pling  d e v ic e  
may be m e a su rin g  d i f f e r e n t  s o u rce s  o f  the  same e le m e n t, i f  d i f f e r e n t  
so u rces  do in  f a c t  e x i s t .
L e t us b e g in  th e  a n a ly s is  be f i r s t  re v ie w in g  the  r e s u l t s  o f  the  
c o r r e la t io n  m a t r ix  ta b le  (T a b le  1 8 ) .  The c o r r e la t io n  betw een le a d  and 
lead-raem brane i s  q u i te  good ; i . e . ,  .83  w h ic h  in d ic a te s  t h a t  a r e la ­
t io n s h ip  e x is t s  be tw een  th e  two d e v ic e s .  I t  w ou ld  n o t be u n re a so n a b le  
to  e xp e c t t h a t  le a d  m easured by b o th  m ethods a re  fro m  the  same s o u rc e . 
One w ou ld  a ls o  e x p e c t t h a t  b o th  o f  these  v a r ia b le s  to  be h e a v i ly  loaded 
( h ig h ly  c o r r e la t e d )  w i t h  th e  same f a c t o r  o r  p r in c ip a l  com ponent. The 
same ca nn o t be s a id  o f  m anganese. The c o r r e la t io n  o f  the  h ig h -v o lu m e  
and membrane manganese i s  .2 9 , w h ic h  i s  s t a t i s t i c a l l y  s ig n f le a n t  from  
ze ro  a t  the  5% le v e l  b u t does n o t f i t  the  l i n e a r  m odel w e l l  s in c e  o n ly  a 
l i t t l e  o v e r 3% o f  the  d a ta  f i t s  th e  m odel a s s u m p tio n s . P e rson a l 
d is c u s s io n s  w i t h  th e  D e p a rtm e n t o f  H e a lth ’ s la b o r a to r y  s t a f f  in d ic a te d  
th a t  no re a s o n a b le  e x p la n a t io n  e x i s t s  as to  the  cause o f t h i s  
d is c re p a n c y . An a n a ly s is  done w i t h  N a t io n a l Bureau o f  S tandards 
m a te r ia l in d ic a te d  th a t  the  la b o r a to r y  was a b le  to  re c o v e r betw een 72% 
and 89% o f the t o t a l  manganese on p re pa re d  f i l t e r s .  G iven t h i s  
s i t u a t io n  the  o n ly  p ro b a b le  re a s o n  f o r  the  d i f fe r e n c e  i s  t h a t  th e  two 
sam plers may have been m e a su rin g  d i f f e r e n t  s iz e  p a r t i c le s  and hence d i f ­
fe r e n t  so u rc e s .
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C o r r e la t io n  M a t r ix  
f o r
C e n tra l P ark  E lem ent D ata
Mem.
A lum inum
Mem.
I r o n
Mem.
Z in c N ic k e l Copper N i t r a t e S u lfa  te Lead
Mem.
Copper
Mem.
Lead
Mem. 
Mang. Mang
A lum inum  (M em .) 1 .00 .97 .74 - . 0 6 .37 .0 4 - . 1 0 .3 0 .32 .4 5 .96 .2 5
I r o n  ( Mem. ) .97 1.00 .72 - . 0 7 .4 4 .01 - . 1 1 .34 .3 5 .4 4 .9 8 .28
Z In c  ( Mem. ) .74 .72 1.00 .01 .39 .20 .1 3 .5 6 .28 .68 .7 7 .2 4
N ic k e l — .06 - .0 7 .01 1.00 .0 6 .03 .03 .15 - . 2 2 - . 0 5 - .  07 .1 4
C opper .37 .4 4 .39 .0 6 1.00 - . 0 2 - .0 1 .15 .51 . 3 0 .48 .21
N i t r a t e .04 .01 .20 .03 - . 0 2 1.00 .66 .41 - . 2 1 .4 0 .02 - .0 5
S u l fa te - . 1 0 - . 1 1 .1 3 .03 —. 01 .66 1.00 .42 - .2 3 .28 - . 1 0 .04
Lead .30 .34 .56 .15 .15 .41 .42 1.00 - .  10 .83 .36 .17
C opper (M em .) .32 .35 .28 - . 2 2 .51 - . 2 1 - . 2 3 - .  10 1.00 .10 .4 0 .43
Lead (M em.) .45 .4 4 .68 - . 0 5 .3 0 .40 .28 .83 . 10 1.00 .48 . 15
Manganese (M em .) .96 .98 .77 - .0 7 .48 .02 - .  10 .36 .4 0 .48 1.00 .29
Manganese .25 .28 . 2 4 .1 4 .21 - . 0 5 .0 4 .17 .4 3 .15 .29 1.00
Mem. = sample g a th e re d  w i t h  membrane sam p le r
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The sane c o m p a r is o n  w i t h  co p p e r re v e a le d  a c o r r e la t io n  c o e f f i c i e n t  
somewhere be tw een th e  two p r e v io u s ly  d is c u s s e d  v a lu e s  m easuring  .5 1 ,
T h is  in d ic a te s  t h a t  a r e la t io n s h ip  e x is t s  be tw een  th e  two d e v ic e s ,  b u t 
th a t  o n ly  a bo u t 25% o f  the  d a ta  f i t s  th e  l i n e a r  m odel w e l l .  The 
N a t io n a l Bureau o f  S ta n d a rd s  co m p a riso n  f o r  t h i s  m e ta l ranged from  82% 
to  98%, in d ic a t in g  good re c o v e ry .  P e rso n a l d is c u s s io n  w i t h  the  
D epartm en t p e rs o n n e l and w i t h  the  Anaconda Copper Co. in  B u t te ,  w h ich  
has p e rfo rm ed  co p p e r a n a ly s is  on h ig h -v o lu m e  f i l t e r s ,  in d ic a te s  t h a t  i t  
i s  n o t u n u su a l f o r  co p p e r on a h ig h -v o lu m e  sam p le r to  o r ig in a t e  from  
the  coppe r a rm a tu re  and b ru sh e s  used i n  the  m o to r .  In  any e v e n t,  no 
q u a n t i t a t iv e  e x p la n a t io n  f o r  th e  la c k  o f good c o r r e la t io n  i s  a v a i la b le .  
I t  was assumed th a t  b o th  sa m p le rs  p ro b a b ly  re p re s e n t  d i f f e r e n t  sou rces  
b u t n o t t o t a l l y  in d e p e n d e n t s o u rc e s .
The n e x t s tep  in  th e  a n a ly s is  was to  choose an a p p ro p r ia te  number 
o f  fa c to r s  f o r  the  c o m p a r is o n s . The SPSS "FACTOR” program  was used to 
g e n e ra te  a s e t o f  e x t r a c te d  f a c t o r s .  I t  was dec ide d  n o t to  use any fa c ­
t o r  whose e ig e n v a lu e  was le s s  th a n  1 .0 .  T ab le  19 b e lo w  re p re s e n t th e  12 
e x tra c te d  fa c to r s  and t h e i r  e ig e n v a lu e s .
As the  re a d e r  can see fro m  the  t a b le ,  o n ly  th re e  fa c to r s  had e ig e n ­
v a lu e s  g re a te r  th a n  o n e . A lth o u g h  the  f o u r t h  f a c t o r  was n e a r an e ig e n ­
va lu e  o f  one , i t  was n o t  used s in c e  th e  f a c t o r  f a i l e d  to  add any s ig n i­
f ic a n t  in fo r m a t io n .
The th re e  f a c t o r s  w e re  th e n  r o ta te d  to o b ta in  a te rm in a l s o lu t io n .  
The va rim a x  m e thod , as opposed to  the  q u a r t im a x  and equim ax m e thod , i s
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T ab le  19
F a c to r  E x t r a c t io n  f o r  E le m e n ta l D a ta  
C e n tra l P a rk
F a c to r  i t E ig e n  V a lue
P e rcen tag e  o f  
V a r ia n c e
1 4 .6 2 9 38 .6
2 2 .4 7 9 20 .7
3 1 .485 12.4
4 .984 8.2
5 .711 5 .9
6 .67 5 5 .6
7 .359 3 .0
8 .3 1 2 2.0
9 .2 4 0 1.8
10 .182 1 .5
11 .028 .2
12 .016 .1
des igned  to s im p l i f y  th e  co lum ns ( f a c t o r s )  o f a f a c t o r  m a t r ix .  T h is  i s  
done by m a x im iz in g  the  squared lo a d in g s  ( c o r r e la t io n  c o e f f i c ie n t s )  in  
each co lum n. T a b le  20 y ie ld s  the  f i n a l  s o lu t io n  o f  the  f a c t o r  a n a ly s is  
w i th  the  f a c to r  lo a d in g s  p re s e n te d .
The n e x t s te p ,  and p ro b a b ly  the  m ost im p o r ta n t ,  i s  to  in t e r p r e t  the  
re p re s e n ta t io n  o f  the  f a c t o r s .
The f i r s t  f a c t o r  i s  h e a v i ly  lo a de d  w i t h  a lum inum , i r o n ,  z in c ,  and 
manganese, w h ich  w ere  a l l  m easured u s in g  the membrane s a m p le r . The 
in t e r p r e t a t io n  o f  t h i s  f a c t o r  seems r e l a t i v e l y  e a s y . A luminum and i r o n  
a re  two m a jo r c o n s t i t u e n t s  i n  s o i l  and d u s t . M a n g a n e s e  a ls o  may be an 
im p o r ta n t and somewhat u n iqu e  e le m e n t to  e a r th  c r u s t a l  m a te r ia l .  R e c a ll
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T a b le  20
F a c to r  A n a ly s is  F in a l R o ta te d  S o lu t io n  
P r in c ip a l  Com ponents 
C e n tra l P ark
F a c to r  L o a d in g s  
( C o r r e la t io n )
F i l t e r F a c to r  1 F a c to r  2
A lum inum M .936 .069
I r o n M .946 .047
Z in c M .81 3 .386
N ic k e l H - .1 4 1 .073
Copper H .543 - .0 5 7
N it r a te H —. 048 .799
S u lfa te H - .1 8 4 .776
Lead H .3 3 2 .778
Copper M .517 - .3 7 0
Lead M .402 .719
Manganese M .967 .070
Manganese H .26 8 .013
F a c to r  3 
- .0 2 8  
.020 
.015 
.819 
.344  
- .0 9 1  
.076 
.135  
.324  
- .0 0 3  
.045  
.817
th a t  in  the e n r ic h m e n t f a c t o r s  s e c t io n  manganese d is p la y e d  v a lu e s  b e t­
ween 1 .7 and 4 . 6 .  R e c a ll a ls o  t h a t  a lum inum  was used as a ch a rac ­
t e r i s t i c  e le m en t f o r  some o f  the  a n a ly s is .  I r o n ’ s e n r ic h m e n t f a c to r s  
ranaged from  1 .4  to  2 . 9 ,  w h ic h  in d ic a te s  t h a t  i t  i s  n o t e n r ic h e d  by
sources o th e r  th a n  the  s o i l  o r  c r u s t a l  e a r th  m a te r ia ls .
F a c to r  I ' s  heavy lo a d in g  w i t h  z in c  i s  n o t as w e l l  e x p la in e d .  The 
source o f  the z in c  seems to  be m ore th a n  j u s t  the  s o i l ,  g iv e n  the  a n a ly -
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s is  o f  th e  e n r ic h m e n t f a c t o r s  in  th e  p re v io u s  s e c t io n ;  y e t ,  the  a n a ly s is  
o f  the  p r in c ip a l  com ponents  in d ic a te s  t h a t  the  a lum inum  and i r o n  con­
c e n t r a t io n s  bea r th e  same v a r ia t io n  as z in c .  T h is  m ig h t be e x p la in e d  by 
th e  f a c t  t h a t  i t  i s  d i f f i c u l t  to  s e p a ra te  s o i l ,  c r u s ta l  e a r th ,  and road 
d u s t .  The sam ples o f  road d u s t  ta k e n  by MRI in  the  MAPS p r o je c t  in d ic a ­
te s  t h a t  th e  z in c  c o n c e n t r a t io n s  on th e  road d u s t  sam ples to  be h ig h e r  
th a n  the  z in c  c o n c e n tr a t io n s  in  the  s o i l  (a p p ro x im a te ly  63% h ig h e r ) .  As 
a c o m p a r is o n , th e  z in c  c o n c e n t r a t io n s  ta k e n  a t  C o ls t r ip l3  w ere  o n ly  11% 
lo w e r th a n  th e  s o i l  c o n c e n tr a t io n s  b y  MRI i n  B i l l i n g s .  I t  a ls o  tu rn s  
o u t th a t  the  a lum inum  and i r o n  c o n c e n tr a t io n s  in  m ost o f  the  road d u s t 
samples were s im i la r  to  the  c o n c e n t r a t io n  o f  these  same two e le m e n ts  in  
the s o i l  o f  C o ls t r ip  sa m p le s . The g r e a te s t  v a r ia t io n  was a p p ro x im a te ly  
17%, w h ich  o c c u rre d  be tw een B i l l i n g s  a lum inum  road d u s t  and B i l l i n g s  
s o i l .
I t  i s  co n c lu d e d  t h a t  F a c to r  1 re p re s e n ts  th e  c o m b in a tio n  o f  s o i l ,  
c r u s ta l  e a r th  m a te r ia ls ,  road  d u s t ,  and so f o r t h .  T h is  i s  a re a so n a b le  
in t e r p r e t a t io n ,  s in c e  a l l  h e a v i ly  lo a d e d  e le m e n ts  a re  c h a r a c t e r is t ic  o f 
a l l  these s o u rc e s . N ot enough d a ta  v a r ia t i o n  was a v a i la b le  to se p a ra te  
these sources f u r t h e r .  O th e r te c h n iq u e s  such as ch e m ica l mass b a la n ce  
need to be em p loyed .
The second f a c t o r  i s  h e a v i ly  lo a de d  w i t h  s u l f a t e ,  n i t r a t e ,  lead  
(b o th  h ig h -v o lu m e  and m em brane). There  a re  two g e n e ra l sources o f  lead  
th a t  can be found in  B i l l i n g s :  1) a u to m o b ile s ,  and 2 ) r e f in e r ie s .  I t
would seem th a t  a u to m o b ile  e m is s io n s  w o u ld  be a l i k e l y  c a n d id a te  f o r  
t h i s  f a c t o r .  I t  i s  a w e l l  e s ta b l is h e d  f a c t  t h a t  le a d  i s  a unique 
c o n s t i tu e n t  o f  a u to m o b ile  e m is s io n s .  M easurem ents conducted  by L i t t l e
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and W if f e n l4  and o th e rs  have suggested  t h a t  th e  le a d  e m itte d  from  a u to ­
m o b ile  e x h a u s t I s  g e n e r a l ly  q u i te  s m a ll i n  n a tu re ,  u s u a l ly  le s s  th a n  0 .3  
m ic ro n s .  The am ount o f  le a d  e m it te d  from  the  r e f in e r ie s  i s  unknown and 
o n ly  su spec ted  to  be a cause o f  th e  le a d  v a lu e s  by  v i r t u e  o f t h e i r  p ro ­
d u c t io n  o f  le a de d  g a s o l in e .  I t  i s  a n t ic ip a t e d ,  n a t u r a l l y ,  t h a t  le a d
c o n t r ib u t io n s  w i l l  d e c l in e  as th e  use o f un leaded  g a s o lin e  becomes more 
pr a v a ie n t .
The so u rce  o f  s u l f a t e  and n i t r a t e  i s  l i k e l y  to  be from  co m b us tio n  
and o th e r  h ig h  te m p e ra tu re  b u rn in g  s o u rc e s . One w ou ld  suspect t h a t  th e  
m a jo r in d u s t r ie s  w ou ld  be l i k e l y  so u rces  o f  s u l f a te s  b y  v i t u r e  o f the  
s u l f u r  d io x id e  e m it te d .  I t  i s  q u i te  p o s s ib le  f o r  s u l f u r  d io x id e  to 
undergo s e v e ra l c h e m ic a l r e a c t io n s  to  become an a e r o s o l . 15 The same 
h o ld s  t ru e  f o r  the  p ro d u c t io n  o f  n i t r a t e s  fro m  o x id e s  o f n i t r o g e n .  16 
A u to m o b ile s  e m it  a s ig n i f i c a n t  am ount o f  n i t r o g e n  o x id e s l^  m aking them 
l i k e l y  sou rces  o f  n i t r a t e s .  H ig h  te m p e ra tu re  r e a c t io n s  may a ls o  a id  in
the p ro d u c t io n  o f  n i t r a t e s  fro m  in d u s t r ia l  s o u rc e s . I t  i s  th e r e fo r e
suspected  th a t  f a c t o r  2 r e p re s e n ts  a c o m b in a t io n  o f  a u to m o b ile  e xha u s t 
and m a jo r in d u s t r ie s .
F a c to r  3 i s  h e a v i ly  lo a d e d  w i t h  n ic k e l  and m anganese. The manga­
nese and n ic k e l  w ere  m easured u s in g  the  h ig h -v o lu m e  te c h n iq u e . The 
r e s u l t s  o f  t h i s  f a c t o r  a re  q u i te  d i f f i c u l t  to  in t e r p r e t .  F i r s t ,  the 
manganese r e s u l t s  a t  le a s t  i n  p a r t  a re  c o n t r a d ic t o r y  to the manganese 
membrane v a lu e s  in  f a c t o r  I .  S ources o th e r  th a n  s o i l  f o r  manganese may 
be from  the b u rn in g  heavy f u e l  o i l .  M easurem ents by  M ro z l^  and 
C a h i l l l ^  tend to c o n f ir m  th e  h y p o th e s is .  (The m easurem ents w ere  con­
ducted  w i th  No. 6 o i l s ,  w h ic h  w o u ld  be burned o n ly  by m a jo r  in d u s t r ie s .
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a s p h a lt  p la n ts ,  and the l i k e ) .  The v a lu e s  f o r  manganese, how eve r, a re  
q u i te  lo w  when compared to o th e r  e le m e n ts  such as i r o n ,  n ic k e l ,  and 
z in c .
The lo a d in g  w i t h  n ic k e l  i s  a ls o  d i f f i c u l t  to  e x p la in .  A g a in , the
o n ly  l i k e l y  h ig h  d eg re e  o f  n ic k e l  suspected  in  B i l l i n g  s a i r  would be the
b u rn in g  o f  r e s id u a l  f u e l  o i l s .  The case f o r  n ic k e l ,  because o f i t s  
h ig h e r  c o n c e n t r a t io n ,  i s  s t ro n g e r  th a n  manganese . V i r t u a l l y  no n ic k e l  
can be found in  a u to m o tiv e  e x h a u s t,  s o i l ,  o r  road d u s t . 20 A f t e r  c a r e fu l  
re v ie w  o f  the  d a ta  a v a ia lb le  on the  c o m p o s it io n  o f  v a r io u s  sources o f 
a i r  p o l l u t i o n ,  no s in g le  e x p la n a t io n  can  a c c o u n t f o r  t h i s  f a c t o r .  The 
f a c t o r ,  t h e r e fo r e ,  was n o t in t e r p r e t e d .  The f a c t o r  was c a r r ie d  
th ro u g h o u t the a n a ly s is  o n ly  as a means o f e x p la in in g  some o f the 
v a r ia n c e  in  the  d a ta .
The e x p la n a t io n  o f  the f a c to r s  a re  summarized b e low :
F a c to r  1: A lum inum , i r o n ,  z in c ,  and manganese ( a l l  membrane)
: S o i l ,  road  d u s t ,  c r u s ta l  e a r th ,  and so f o r t h .
F a c to r  2 : S u l fa t e ,  n i t r a t e ,  le a d  ( a l l  h i - v o l ) ,  and lead  (mem.)
: A u to m o tiv e  e x h a u s t a n d /o r  m a jo r in d u s t r y
F a c to r  3 : N ic k e l and manganese ( a l l  h i - v o l )
Unknown. P o s s ib ly  r e s id u a l  f u e l  o i l s  a n d /o r  
a s p h a lt  p la n ts .
The n e x t s tep  in  the  a n a ly s is  was to  c a lc u la te  a v a lu e  ( f a c t o r  
sco re ) f o r  each case f o r  w h ic h  s u f f i c i e n t  d a ta  e x is t s .  The SPSS com­
p u te r package was used to  g e n e ra te  f a c t o r  sco re  c o e f f i c ie n t s ,  w h ich  were 
then used to c a lc u la te  f a c t o r  s c o re s  f o r  each f a c t o r  f o r  each day 
p o s s ib le .  The v a lu e  f o r  f a c t o r  1, f o r  e xam p le , f o r  day // i  w ou ld  be as 
fo l lo w s  :
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f a c t o r  1 = (A lu m in u m )(A lu m in u m  F a c to r  C o e f f ic ie n t )  +  ( I r o n ) ( I r o n  
F a c to r  C o e f f ic ie n t )
+  . . . .  +  (M anganese)(M anganese F a c to r  C o e f f ic ie n t )
w h e re : a lum inum  = m easured v a lu e  o f  a lum inum  on day i  
i r o n  = m easured v a lu e  o f  i r o n  f o r  day i
manganese = m easured v a lu e  f o r  manganese f o r  day i
I f  th e re  w ere  more th a n  6 m is s in g  v a lu e s  in  any one d a y , the  f a c to r  
sco re  was n o t c a lc u la te d .  I f  th e re  w ere  6 o r  le s s ,  th e n  th e  average  
v a lu e  f o r  each e le m e n t was used to  c a lc u la te  a f a c t o r  s c o re , w h ich  in  
tu r n  were coded on to  the SPSS package such t h a t  f u r t h e r  a n a ly s is  c o u ld  
be c o n d u c te d .
In  a d d i t io n  to  the c o d in g  o f f a c t o r  s c o re s  f o r  the  e le m e n ta l d a ta , 
i t  was d ec ide d  to  use the  same app ro a ch  w i t h  the  m e te o ro lo g ic a l d a ta .  A 
fa c to r  a n a ly s is  i d e n t i c a l  to  the  one d e s c r ib e d  was pe rfo rm ed  w i th  the  
NWS m e te o ro lo g ic a l d a ta .  The v a r ia b le s  used were w ind  speed, p r e c ip i t a ­
t io n  in d e x ,  v i s i b i l i t y ,  te m p e ra tu re ,  dew p o in t ,  s t a b i l i t y ,  number o f 
in c h e s  o f snow on the  g ro u n d , and r e la t i v e  h u m id ity .  The purpose o f the 
a n a ly s is  was the same; i . e . ,  to  reduce  these  v a r ia b le s  in to  fe w e r e a s i ly  
u nd e rs too d  v a r ia b le s .  The same c u t  p o in t  f o r  e ig e n  v a lu e s  were u sed . 
Table 22 d e s c r ib e s  the  f i n a l  ro ta te d  f a c t o r  lo a d in g s  f o r  t h i s  a n a ly s is .
As b e fo re ,  the  pu rpose  i s  to  r e la t e  these  fa c to r s  to  some p h y s ic a l 
p ro p e r ty  p o s s ib ly  r e la t in g  to  a i r  p o l l u t i o n .  The f i r s t  f a c t o r  i s  h ig h ly  
loaded w ith  te m p e ra tu re ,  dew p o in t ,  and n e g a t iv e ly  loaded w ith  snow on 
the g round . A re v ie w  o f  the  c o r r e la t io n  m a t r ix  (n o t p re s e n te d ) shows 
th a t  dew p o in t  and te m p e ra tu re  a re  h ig h ly  c o r re la te d  w i t h  a c o e f f i c ie n t  
o f .91 . I t  appea rs  t h a t  b o th  dew p o in t  and te m p e ra tu re  measure the sane 
m e te o ro lo g ic a l phenom ena. S in ce  snow on the  ground i s  s t r o n g ly
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T ab le  21
F a c to r  A n a ly s is  F in a l R o ta te d  S o lu t io n  
P r in c ip a l  Components 
NWS
F a c to r  L o a d in g s  ( c o r r e la t io n s )
F a c to r  1 F a c to r  2 F a c to r
Wind Speed - .1 9 1 - .  246 .775
P r e c ip i t a t io n  In d e x .184 .76 0 .275
V i s i b i l i t y .43 2 - .7 1 2 .070
T em pera tu re .92 3 - . 2 9 5 - .0 2 9
Dew P o in t .935 .009 - . 0 9 8
S t a b i l i t y - .0 3 7 - .3 0 0 - .6 1 7
Snow on Ground - .7 9 1 .100 .042
R e la t iv e  H u m id ity - .3 3 9 .801 - .1 3 8
n e g a t iv e ly  c o r r e la t e d ,  i t  w o u ld  be a p p ro p r ia te  to  c h a r a c te r iz e  f a c to r  1 
as an in d ic a t o r  o f  the te m p e ra tu re , o r  p e rh a p s  more g e n e r a l ly  o f the 
seasons.
F a c to r  2 i s  h ig h ly  loaded  w i t h  p r e c ip i t a t i o n  in d e x ,  r e la t i v e  
h u m id ity ,  and n e g a t iv e ly  w i t h  v i s i b i l i t y .  T h is  f a c t o r  i s  c le a r ly  an 
in d ic a to r  o f m o is tu re .
F a c to r  3 i s  lo a d e d  w i t h  w ind speed and n e g a t iv e ly  loaded  a g a in s t  
s t a b i l i t y .  B o th  o f  these  v a r ia b le  to a la rg e  deg ree  e x p la in  the  amount 
o f m ix in g  o r d is p e r s io n  c h a r a c t e r is t i c s  w i t h in  the  a re a . T h is  f a c t o r  i s  
in te r p r e te d  to re p re s e n t  the  a i r ' s  g e n e ra l d is p e r s io n  c h a r a c t e r is t ic  s . 
The n e g a tiv e  c o r r e la t io n  w i t h  s t a b i l i t y  i s  n o t s u rp r is in g  s in ce  la rg e  
v a lu e s  fo r  s t a b i l i t y  ( i . e . ,  5 o r  6 ) in d ic a te  a v e ry  s ta b le  a tm osphere  
c h a ra c te r iz e d  g e n e r a l ly  by v e ry  lo w  w ind speeds.
As d e s c r ib e d  in  the  f a c t o r  a n a ly s is  o f  the e le m e n ta l d a ta ,  f a c to r  
scores were c a lc u la te d  and s to re d  on th e  SPSS system  f o r  f u r t h e r  
a n a ly s is .
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I n  o rd e r  to  be a b le  to  use the  f a c t o r  d a ta  m ore e f f e c t i v e l y ,  a 
number o f  s t a t i s t i c a l  t e s t s  and co m p a rison s  w ere  a p p lie d  to  the f a c to r  
s c o re s . The f i r s t  o f  these  co m p a riso n s  was to  c a lc u la te  c o r r e la t io n  
in fo r m a t io n  be tw een  the  m e te o ro lo g ic a l f a c to r s  and the  e le m e n ta l 
f a c t o r s .  T a b le  22 d e s c r ib e s  th e  c o r r e la t io n s  betw een these  two s e ts  o f  
v a r ia b le s .
T a b le  22
C o r r e la t io n  C o e f f ic ie n t s  
E lem en t F a c to rs  v e rs u s  M e te o ro lo g ic a l F a c to rs
E le m e n t E lem ent E lem ent
F a c to r  1 F a c to r  2 F a c to r  3
M e te o ro lo g ic a l F a c to r  1 .3 9 1 / .0 0  - . 2 6 6 /  .00  .1 0 3 / .08
M e te o ro lo g ic a l F a c to r  2 - . 3 2 2 /  .0 0  .0 7 6 /  ,15  - . 0 8 2 /  .13
M e te o ro lo g ic a l F a c to r  3 - . 0 8 6 /  .12  - . 3 6 4 /  .00  .0 1 7 /  .41
x x x /  . y y  w h e re : x x x  = c o r r e la t io n  c o e f f i c i e n t
, y y  = p r o b a b i l i t y  v a lu e
i f  the  v a lu e  i s  le s s  th a n  .0 5 , th e n  th e  s lope  
i s  c o n s id e re d  to  be s t a t i s t i c a l l y  d i f f e r e n t  
th a n  z e ro .
E lem ent f a c t o r  1 ( s o i l s ,  e t c . )  e x h ib i t s  th e  m ost s ig n i f i c a n t  c o r re ­
la t io n  w i th  s e a s o n /te m p e ra tu re .  S ince  the  v a lu e  i s  p o s i t i v e ,  the warmer 
w eather has the  g r e a te s t  im p a c t on s o i l s  and so f o r t h .  As was d e s c r ib e d  
p re v io u s ly  in  t h i s  p a p e r , t h a t  i s  the  same type o f r e la t io n s h ip  one 
would expect i f  s o i l s  and so f o r t h  w ere a m a jo r c o n t r ib u to r  to  the TSP 
v a lu e s . The s o i l s  f a c t o r  i s  a ls o  n e g a t iv e ly  c o r re la te d  w ith  p r e c ip i t a ­
t io n  d a ta ,  w h ich  i s  e x p e c te d . The s o i l s  f a c t o r ,  lio w e ve r, does n o t show 
any s ig n i f i c a n t  r e la t io n s h ip  w i th  s tab  11 ty  and wind speed. T h is  
suggests  t h a t  the  c o n t r i b u t io n  o f  s o i l  and road d u s t  to  the am b ien t a i r  
i s  not h e a v i ly  r e la te d  to the  w ind speed and a tm o sp h e ric  s t a b i l i t y .
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T h is  i s  somewhat d is c o n c e r t in g ,  s in c e  one w ou ld  e xp e c t h ig h e r  w in d s  to  
b lo w  d u s t  a round  and d e p o s it  I t  on the  s a m p le r . I t  appears from  the 
d a ta  t h a t  the  amount o f d u s t  r e s u l t in g  from  t h i s  phenomena i s  n o t s ig n i­
f i c a n t  c cm pared to o th e r  m e thods o f  ca u s in g  the  d u s t  to  become a ir b o r n e ,  
such as n a n 's  a c t i v i t i e s .
E lem en t f a c t o r  2 (a u to m o b ile  and in d u s t r y )  shows a s ig n i f i c a n t  nega­
t i v e  c o r r e la t io n  w i t h  seasons ( a l th o u g h  n o t a s tro n g  o n e ). T h is  i s  
e a s i ly  e x p la in e d  when one c o n s id e rs  t h a t  m e te o ro lo g ic a l fa c to r s  1 and 3 
a re  n o t u n r e la te d .  The m ost s ta b le  c o n d it io n s  o c c u r in  the  w in te r  and 
the  le a s t  s ta b le  in  th e  s p r in g  and summer. T h e re fo re ,  the  n e g a tiv e  
c o r r e la t io n  may be a r e f l e c t i o n  o f  s t a b i l i t y .  I t  i s  assumed th a t  
in d u s t r ia l  p ro d u c t io n  le v e ls  a re  r e l a t i v e l y  c o n s ta n t th ro u g h o u t the  
season, w h ile  the a u to m o b ile  t r a f f i c  undergoes a s l i g h t  in c re a s e  in  the 
summer ( a p p r o x im a te ly  11 p e rc e n t  based on 1977 and 1978 d a ta ) .  There  
seems to  be no r e la t io n s h ip  be tw een t h i s  f a c t o r  and the  p r e c ip i t a t io n  
f a c t o r ,  w h ich  s h o u ld  come as no s u rp r is e  i f  one in t e r p r e t s  the  fa c to r  as 
in d u s t r y  a n d /o r  a u to m o b ile  e x h a u s t.  P ro d u c t io n  re m a in s  a p p ro x im a te ly  
the same re g a rd le s s  o f  w et w e a th e r; T a b le  15 in d ic a te d  th a t  no d i f ­
fe re n ce  between a u to m o tiv e  t r a f f i c  on w e t o r  d r y  days was e v id e n t .  On 
the o th e r  hand, one n o te s  a s tro n g  n e g a tiv e  c o r r e la t io n  betw een t h i s  
fa c to r  and the s t a b i l i t y  f a c t o r ,  w h ic h  w ou ld  in d ic a te  t h a t  o f  the 
m e te o ro lo g ic a l v a r ia b le s  m easured w ind  speed and s t a b i l i t y  have the roost 
e f f e c t  o f  p a r t i c u la t e  e m is s io n s  from  in d u s t r y  and a u to m o b ile s . Of the 
th re e  m e te o ro lo g ic a l f a c to r s  a v a i la b le ,  the  one m ost l i k e l y  to  have the 
g re a te s t  e f f e c t  on in d u s t r y  e m is s io n  w ou ld  be the f a c to r  b e s t d e s c r ib in g  
a tm ospheric  m ix in g  a n d /o r  s t a b i l i t y .  T h is  i s  indeed the ca se .
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E le m e n t f a c t o r  3 , unknown, does n o t c o r r e la t e  w e l l  w i t h  any o f the 
m e te o r o lo g ic a l v a r ia b le s .  I f  one w ere to  assume th a t  b u rn in g  o f  r e s i ­
d u a l o i l s  w ere an e x p la n a t io n  f o r  t h i s  f a c t o r ,  i t  w ou ld  be re a so n a b le  to 
assume th a t  th e re  o u g h t to  be a r e la t io n s h ip  w i t h  m e te o ro lo g ic a l f a c to r  
3 and p o s s ib ly  2 . I t  a p p e a rs , how eve r, t h a t  t h i s  e le m e n ta l f a c to r  i s  
n o t e x p la in e d  by any o f  the  m e te o ro lo g ic a l f a c to r s  w i t h  any degree  o f  
su cce ss .
One f u r t h e r  a n a ly s is  was p e rfo rm e d  by com paring  Sundays w ith  the  
r e s t  o f  the  days o f the  w eek. T h is  co m p a ris o n  was c a r r ie d  o u t as 
d e s c r ib e d  p r e v io u s ly  in  t h i s  c h a p te r .  The r e s u l t s  a re  found  in  T ab le  23 
be low .
T a b le  23
Sundays v s .  R est o f  the  Week 
E le m e n t F a c to rs  and M e te o ro lo g ic a l F a c to rs
t - t e s t
S tandard S ig n .
Number Mean D e v ia t io  n T Value L e v e l
E lem ent Sunday 20 - .3 4 1 .395 -2 .1 3 .034
F a c to r 1 R est o f  week 164 .047 .799
Elem ent Sunday 20 - .3 9 5 .527 - 2.00 .05 0
F a c to r 2 R e s t o f  Week 164 .019 .904
Elem ent Sunday 20 - .0 6 7 .463 -  .47 .64
F a c to r  3 R e s t o f  Week 165 .036 .964
M et. Sunday 108 .037 .959 .09 .93
F a c to r 1 R e s t o f  Week 651 .028 .975
M et. Sunday 108 - .1 0 1 .901 -1 .2 7 .21
F a c to r 2 R est o f  Week 651 .0 3 0 1 .008
M et. Sunday 108 .006 .870 .07 .95
F a c to r 3 R est o f  Week 651 - .0 0 1 .918
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A co m p a ris o n  was done w i t h  th e  m e te o ro lo g ic a l f a c to r s  to a ssu re  th a t  
no d i f f e r e n c e  e x is t e d ,  m e te o r o lo g ic a l ly  s p e a k in g , betw een Sundays and 
the  r e s t  o f  the  week. The d a ta  in  th e  ta b le  above so in d ic a te  t h i s  
f a c t .
The t e s t  in d ic a te s  t h a t  the  s o i l  f a c t o r  d is p la y s  a s t a t i s t i c a l l y  
d i f f e r e n t  mean on Sunday th a n  t t e  r e s t  o f  the  week. One w ou ld  assume 
th a t  th e re  i s  no re a s o n  to  e x p e c t the  s o i l  c o n t r ib u t io n  by  i t s e l f  to  be 
d i f f e r e n t  from  Sunday and the r e s t  o f  the week. One m ust conc lude  th a t  
the  reason  f o r  the  d i f f e r e n c e  m ust r e la t e  to  m an 's a c t i v i t i e s .  I t  
f u r t h e r  fo l lo w s  t h a t  m an 's  a c t i v i t i e s  a re  a m a jo r c o n t r ib u to r  to  the 
s o i l  f a c t o r .  The t e s t  f u r t h e r  in d ic a te s  a d i f f e r e n c e  betw een  the  a u to ­
m o tive  e x h a u s t / in d u s  t r y  f a c t o r  and the  days o f  the  week, w h ich  may seem 
somewhat s u r p r is in g  s in c e  in d u s t r y  p ro d u c t io n  i s  r e l a t i v e l y  c o n s ta n t.
I t  fo l lo w s  t h a t  the a u to m o b ile  p o r t io n  o f  t h i s  f a c t o r  has a s ig n i f i c a n t  
in f lu e n c e  on the  c o n t r i b u t io n .  The f i n a l  e le m en t f a c t o r  showed no d i f ­
fe re n c e  betw een Sundays and the  r e s t  o f  the  week. I t  w ou ld  appear t h a t  
those a c t i v i t i e s  t h a t  change fro m  days o f  the  week a re  n o t l i k e l y  to  be 
a cause o f the  t h i r d  e le m e n ta l f a c t o r .
T ie  same type  o f  a n a ly s is  was a ls o  c a r r ie d  o u t by  p e r fo rm in g  the  wet
d a y /d ry  day co m p a riso n s  used p r e v io u s ly  in  t h i s  c h a p te r .  The same c u t -  
p o in t  o f 5 ( p r e c ip i t a t i o n  in d e x )  was used to d e f in e  a w et and a d ry  day.
A t - t e s t  was conduc ted  as shown b e low  in  T a b le  24.
E lem ent f a c to r  1 d is p la y s  a s i g n i f i c a n t  d i f fe r e n c e  betw een the 
means o f wet days as opposed to  d ry  d a y s , w h ich  i s  c o n s is te n t  w i t h  the  
n o t io n  th a t  f a c t o r  1 re p re s e n ts  s o i l  o r  r e la te d  m a te r ia ls .  There  i s  a 
d e f in i t e  decrease in  the two v a lu e s ,  n e a r ly  o n e - h a lf  o f  a s tandard
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E lem ent D ry  Day
F a c to r  1 Wet Day
E lem ent D ry  Day
F a c to r  2 Wet Day
E lem ent D ry  Day
F a c to r  3 Wet Day
T a b le 24
Wet D a y /D ry  Day 
E le m e n t F a c to rs  
t - t e s t
Number Mean
S tandard
D e v ia t io n T -V a lue
S ig n .
L e v e l
119
65
.167
- .2 9 3
.8 4 6
.507
4 .01 .00
119
65
.040
- .1 4 8
.8 6 5
.900
1.39 .17
119
65
.015
.04 2
.689
1 .2 4 8
-0 .1 9 .85
d e v ia t io n ,  be tw een  the  w e t and d ry  d a y s . E lem ent f a c t o r  2 does n o t 
y ie ld  such a d i f f e r e n c e .  T h is  seems to  in d ic a te  t h a t  p r e c ip i t a t io n  does 
n o t a f f e c t  the so u rce s  and c o n c e n tra  t in s  o f  s u l f a t e ,  n i t r a t e ,  and le a d .  
T h is  appears c o n s is te n t  w i t h  T a b le  15, w h ic h  showed t h a t  no d i f fe r e n c e  
was found w i th  a u to m o b ile  t r a f f i c  betw een a w e t and d ry  day . No d i f ­
fe re n c e  w ould be e xp e c te d  f o r  i n d u s t r i a l  so u rces  e x c e p t w ha t m ig h t o ccu r 
from  ch e m ica l o r  p h y s ic a l s c ru b b in g  o r  re m o va l p ro c e s s e s . These d a ta  
seem to  in d ic a te  t h a t  such p ro c e s s e s  a re  n o t s ig n i f i c a n t .  E lem ent fa c ­
to r  3 a ls o  showed no s ig n i f i c a n t  change from  w e t and d ry  d ays , w h ich  is  
c o n s is te n t  w i th  th e  o th e r  d a ta  f o r  e le m e n t 3 show ing no r e la t io n s h ip  to 
m e te o ro lo g ic a l o r  d a y - o f - th e - w e e k  a c t i v i t i e s .
The f i n a l  a n a ly s is  made w i t h  these  f a c t o r  sco re s  i s  p ro b a b ly  the 
most s ig n i f i c a n t .  The d a ta  fro m  the  f a c t o r  sco re s  w ere c o r re la te d  w ith  
the am bien t a i r  m o n ito r in g  d a ta  co nd u c te d  a t  a l l  o f the B i l l i n g  s a re a  
m o n ito rs .  A p a irw is e  c o r r e la t io n  was ru n  betw een each e lem en t f a c to r  
and the a i r  m o n ito r in g  d a ta .  T a b le  25 i s  a summary o f the r e s u l t s  o f 
those c o r r e la t io n s .
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T ab le  25
C o r r e la t io n  C o e f f ic ie n t s
E lem ent F a c to rs  v s .  A m b ien t A i r  Q u a l i ty  Data
E lem ent E lem ent E lem ent
F a c to r F a c to r F a c to r
1 2 3
C e n tra l P ark
TSP .6 4 8 /  .0 0 .1 7 5 /  .01 .1 8 4 / .01
In h a la b le .7 5 8 /  .00 .1 4 4 / .08 - .0 2  2/ .42
Coarse .7 4 4 /  .0 0 - . 021 /  .4 2 - . 0 2 8 / .39
F in e .1 9 7 /  .03 .4 3 3 /  .00 - . 010/ . 46
S u l fu r  D io x id e - . 2 4 9 /  .00 .7 7 8 /  .0 0 - .0 1 3 / .44
N it ro g e n  D io x id e .2 4 9 /  .02 .2 1 0 / .0 4 - .1 1 6 / .17
C ity  H a l l  TSP .4 6 2 /  .0 0 .3 4 4 /  .00 - . 0 3 3 / .49
KGHL TSP .4 7 0 /  .00 .4 9 6 /  .0 0 - .0 4 9 / .34
Lockwood TSP .6 7 6 /  .00 . 200/  .10 .0 0 3 / .49
Grand A ve . TSP 
1
.4 0 5 /  .00 .1 2 8 /  .15 - . 0 3 0 / .41
M e te o ro lp g  i c a l M e te o ro lo g ic a l M e t.
F a c to r F a c to r F a c to r
1 2 3
C e n tra l P ark
TSP .5 1 1 / .00 - . 4 6 7 /  .00 - . 1 4 0 / .00
In h a la b le .4 0 4 /  .0 0 - . 4 2 2 /  .00 - .0 6 4  . 23
Coarse .4 4 9 /  .0 0 - . 4 1 5 /  .00 - . 002/ .49
F in e - . 0 3 3 /  .36 - . 1 0 8 /  .11 - . 1 7 4 / .02
S u lfu r  D io x id e - . 4 0 0 /  .00 - . 0 0 6 /  .45 - .2 5 1 / .00
N itro g e n  D io x id e .1 7 2 /  .0 0 - . 2 5 8 /  .00 - .3 0 4 / .00
C ity  H a ll  TSP .3 7 4 /  .00 - . 3 0 1 /  .00 - . 2 0 6 / .00
KGHL TSP . 112 /  .00 - . 2 7 5 /  .00 - . 1 6 6 / .01
Lockwood TSP .2 6 3 /  .1 1 - . 3 4 5 /  .00 - .1 1 5 / .16
Grand Ave. TSP .2 8 5 /  .01 - . 2 7 9 /  .00 - . 0 8 6 / .19
x x x / . y y  w h e re : x x x
»yy
c o r r e la t io n  c o e f f i c ie n t  
p r o b a b i l i t y  va lu e  th a t  
the  s lo p e  i s  s t a t i s t i c a l l y  
d i f f e r e n t  from  z e ro .
( i . e .  t h a t  no r e la t io n  e x is t s )
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As was the  case in  the  p re v io u s  such t a b le ,  th e  m e te o ro lo g ic a l 
v a lu e s  w ere c a lc u la te d  to  t e s t  th e  a u t h e n t ic i t y  o f  the  m e te o ro lo g ic a l 
f a c t o r s .  The TSP and s m a ll p a r t i c u la t e  d a ta  a l l  e x h ib i t  a p o s i t iv e  
c o r r e la t io n  w i t h  te m p e ra tu re  and a n e g a t iv e  c o r r e la t io n  w i t h  
p r e c ip i t a t i o n .  The a n a ly s is  o f  the  p re v io u s  d a ta  u s in g  the p r e c ip i t a ­
t io n  in d e x  and so f o r t h  a l l  e x h ib i te d  t h i s  same t r e n d .  The s u l f u r  
d io x id e  and f in e  p a r t i c u la t e  d a ta  e x h ib i te d  e i t h e r  no tre n d  o r  a nega­
t i v e  one when compared to  the seasons. A g a in  t h i s  m atches p re v io u s  such 
a n a ly s e s . A l l  o f  the  a m b ie n t m o n ito r in g  d a ta  e x h ib i te d  a n e g a tiv e  
c o r r e la t io n  w i t h  s t a b i l i t y  to  v a ry in g  d e g re e s . T h is  w o u ld  be expected  
s in ce  one n o r m a lly  e x p e c ts  a i r  p o l l u t i o n  v a lu e s  to  r is e  g e n e r a l ly  w i th  
w o rse n ing  a tm o s p h e ric  s t a b i l i t y .  I t  w ou ld  appear th e  w ind d i r e c t io n  has 
the g re a te s t  e f f e c t ,  s in c e  w o rs e n in g  s t a b i l i t y  c la s s e s  co rre sp on d  to 
la r g e r  v a lu e s .  These la r g e r  v a lu e s  s h o u ld  be in d ic a te d  w i th  a p o s i t iv e  
c o r r e la t io n  c o e f f i c i e n t .  S in ce  th e  v a lu e s  a re  n e g a t iv e ,  th a t  i s ,  h ig h e r  
a i r  p o l lu t io n  le v e ls  c o rre s p o n d s  to  b o th  lo w e r  s t a b i l i t y  c la s s e s  and 
s low er w ind speeds, one presum es t h a t  w ind  speed i s  the  o v e r r id in g  con­
s id e r a t io n  o r  t h a t  s t a b i l i t y  c la s s e s  have no e f f e c t .
A n a ly s is  o f  the  e le m e n ta l f a c to r s  w i t h  th e  a m b ie n t a i r  q u a l i t y  d a ta  
y ie ld s  some in t e r e s t in g  in s ig h t s .  N ote  t h a t  a l l  TSP s i t e s  e x h ib i t  a 
s tro n g  c o r r e la t io n s  c o e f f i c i e n t  w i t h  e le m e n t f a c t o r  1 .  I t  would appear 
th a t  a l l  TSP s i t e s  a re  s t r o n g ly  in f lu e n c e d  by f a c t o r  1 and th e re fo re  by 
s o i l ,  road d u s t ,  and the  l i k e . The same can be sa id  f o r  in h a la b le  and 
coarse p a r t i c u la t e  a t  C e n tra l P a rk . One m ust be c a r e fu l  n o t to  a t ta c h  
too  much s ig n i f ic a n c e  to  the  f a c t  t h a t  th e  C e n tra l Park TSP, in h a la b le ,  
and coarse d a ta  e x h i b i t  b e t t e r  c o r r e la t io n s  th a n  do the  o th e r  TSP s i t e s .
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F a c to r  1 was d e r iv e d  fro m  the C e n tra l P a rk  e le m e n ta l a n a ly s is ,  arxi i t  
w ou ld  be e xp e c te d  t h a t  such r e la t io n s h ip s  w o u ld  be s t r o i^ e r  a t  the  s i t e  
o f  m easurem ent th a n  a t  s i t e s  s e v e ra l b lo c k s  o r  m ile s  away.
N e v e r th e le s s ,  i t  a p p e a rs  q u i te  re a s o n a b le  to  su gg e s t t h a t  the  s o i l ,  road 
d u s t ,  c r u s t a l  e a r th  m a t e r ia ls ,  and so f o r t h ,  a re  re s p o n s ib le  f o r  a m a jo r 
p o r t io n  o f  the  TSP, in h a la b le ,  and coarse  p a r t i c u la t e  d a ta  a t  a l l  
B i l l i n g  s lo c a t io n s .  T h is  can be s ta te d  s in c e  b o th  v a r ia b le s  e x h ib i t  
v e ry  s im i la r  p a t te r n s .
The a n a ly s is  f u r t h e r  shows t h a t  f i n e  p a r t i c u la t e ,  n i t r o g e n  d io x id e ,  
and s u l f u r  d io x id e  a re  a l l  s i g n i f i c a n t l y  c o r re la te d  to t h i s  same f a c t o r ,  
bu t to d i f f e r e n t  d e g re e s  and p a t te r n s .  The f i n e  p a r t i c u la t e  d a ta  seem 
to  be re la te d  to f a c t o r  1 , b u t to  a much le s s e r  d eg re e  and s t re n g th  th a n  
the  coarse  o r  TSP p a r t i c u la t e s .  The n e g a t iv e  c o r r e la t io n  w ith  s u l f u r  
d io x id e  in d ic a te s  t h a t  as th e  c o n t r ib u t io n s  from  s o i l  and the l i k e  
in c re a s e , s u l f u r  d io x id e  v a lu e s  d e c re a s e , and v ic e  v e rs a .  T h is  i s  lo g i ­
c a l when one keeps in  m ind t h a t  the  maximum v a lu e s  f o r  TSP and the l i k e
occur d u r in g  the warmer m o n th s , w h i le  j u s t  the  o p p o s ite  o c c u rs  w ith  
s u l f u r  d io x id e .  A lth o u g h  the  r e la t io n s h ip  i s  s t a t i s t i c a l l y  s ig n i f i c a n t  
i t  i s  n o t of the sane s t r e n g th  as  the  TSP, in h a la b le ,  and coarse par­
t ic u la te  d a ta .  J u s t  th e  o p p o s ite  o c c u rs  w i t h  n i t r o g e n  d io x id e  as s u l f u r
d io x id e .  The s t r e n g th  o f  the  r e la t io n s h ip  i s  th e  same, b u t in  the same
d ir e c t io n  as TSP. The in c re a s e  in  ozone d u r in g  the summer a ls o  h e lp s  
a id  in  the p ro d u c t io n  o f  n i t r o g e n  d io x id e .
I t  would be sa fe  to  c o n c lu d e  t h a t  e le m e n t f a c to r  1 i s  s t r o n g ly
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c o r r e la te d  w i t h  a l l  p a r t i c u la t e  d a ta ,  save the  f in e  p a r t i c u la t e s .  T h is  
f a c t o r  e x p la in s  the  v a r ia n c e  in  the  a m b ie n t a i r  p a r t i c u la t e  d a ta  b e t t e r  
th a n  any o th e r  o f  the  f a c t o r s .
A re v ie w  o f  the  c o r r e la t io n s  betw een f a c t o r  2 and the am b ien t a i r  
q u a l i t y  d a ta  s u g g e s ts  t h a t  th e  C e n tra l P a rk  f i n e  p a r t i c u la t e ,  s u l f u r  
d io x id e ,  and KGHL TSP have the  s t ro n g e s t  t i e s  to  t h i s  f a c t o r .  The 
c o r r e la t io n  w i t h  s u l f u r  d io x id e  i s  o f  p a r t i c u la r  im p o rta n c e  s in c e  i t  
r e la te s  i t s e l f  to  s u l f a t e  c o n c e n tr a t io n s ;  t h i s  s u g g e s ts  t h a t  f a c t o r  2 i s  
h e a v i ly  r e la te d  to  the p ro d u c t io n  o f  s u l f u r  d io x id e  and hence to  m a jo r 
i n d u s t r ia l  s o u rc e s . S in c e  the  f in e  p a r t i c u la t e  i s  a ls o  re la te d  to  t h i s  
f a c t o r ,  a m a jo r sh a re  o f  th e  f in e  p a r t i c u la t e  d a ta  seen a t  C e n tra l P ark 
i s  from  a u to m o b ile s  a n d /o r  in d u s t r y .  A l l  o f  the  m o n ito r in g  d e v ic e s , 
e xcep t C e n tra l P a rk  c o a rs e ,  e x h ib i te d  a p o s i t i v e  r e la t io n s h ip  tow ard 
t h i s  f a c t o r .  T h is  in d ic a te s  t h a t  th e  sou rce  o f  f a c to r  2 , th a t  i s ,  
in d u s t r y  and a u to m o b ile  e x h a u s t,  a ls o  has an e f f e c t  on a l l  o f  the 
am b ien t m o n ito r s .  S in ce  the  r e la t io n s h ip  i s  we alee r  th a n  f a c to r  1 , i t  i s  
assumed th a t  f a c t o r  1 p la y s  a more p re d o m in a n t r o le  in  the  con­
c e n t ra t io n s  seen on the  m o n ito rs  as opposed to f a c t o r  2 . I t  i s  o f  some 
in t e r e s t  th a t  the  KGHL s i t e  e x h ib i t e d  an a p p ro x im a te ly  e q u a l c o r r e la t io n  
w ith  f a c to r  1 and f a c t o r  2 ( f a c t o r  2 was s l i g h t l y  h ig h e r ) ,  w h ich  
suggests  th a t  b o th  s o u rce s  w i t h  r e l a t i v e l y  the  same s t re n g th  in f lu e n c e  
t h i s  m o n ito r .  T h is  comes as somewhat o f  a s u rp r is e  s in c e  the  m o n ito r  i s  
lo c a te d  s e v e ra l m ile s  fro m  the  n e a re s t  I n d u s t r ia l  so u rc e . I t  m ig h t have 
been presupposed th a t  f a c t o r  1 w ou ld  have p la ye d  the most s ig n i f i c a n t  
ro le  In  e x p la in in g  the v a r ia n c e  a t  t h i s  s i t e .  F in a l l y ,  i t  can be noted 
th a t  n it ro g e n  d io x id e  is  p o s i t i v e l y  c o r r e la te d  w i th  f a c t o r  2 . T h is
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seems a p p r o p r ia te  s in c e  a u to m b ile s  and in d u s t r y  e m it  n i t r o g e n  o x id e s .
The s t r e n g th  o f  the  r e la t io n s h ip  i s  n o t as s t r o %  as one m ig h t e x p e c t,  
e x c e p t t h a t  o th e r  f a c to r s  such as s u n l ig h t ,  a u to m o tiv e  e x h a u s t, e tc  . 
a ls o  p la y  an im p o r ta n t  r o le  in  n i t r o g e n  d io x id e  c o n c e n tra t io n s .
The f i n a l  e le m e n ta l f a c t o r ,  f a c t o r  3 , e x h ib i t s  a n e g a tiv e  and con­
s i s t e n t l y  i n s i g n i f i c a n t  c o r r e la t io n  w i t h  a l l  a m b ie n t a i r  m o n ito r in g ,  
save C e n tra l P a rk  TSP. I t  appears  t h a t  f a c t o r  3 i s  n o t re la te d  to  any 
o f  the  a m b ie n t m o n ito r in g  c o n c e n tra t io n s  e x c e p t p e rha p s  TSP a t  C e n tra l 
P a rk . The la c k  o f  s ig n i f ic a n c e  in d ic a te s  e i t h e r  t h a t  the  d a ta  them­
se lv e s  ( i . e . ,  f a c t o r  3 ) a re  ra n d o m ly  d is t r ib u t e d ,  o r  the  source  o f  the 
d a ta  i s  n o t a f fe c te d  by the  u s u a l m e te o ro lo g y , season o r  day o f the 
week. These r e s u l t s  f u r t h e r  se rve  to  make i t  im p o s s ib le  to  d e te rm in e  a 
p h y s ic a l e x p la n a t io n  f o r  t h i s  f a c t o r .
The d a ta  f o r  t h i s  s e c t io n  on  f a c t o r  a n a ly s is  can  b e s t  be summarized 
as fo l lo w s :
1 . The a r s e n ic ,  cadm ium , n ic k e l  (m em brane), and vanadium  d a ta  d id  n o t 
e x h ib i t  a s u f f i c i e n t  v a r ia n c e  to  w a r ra n t any v a l id  a n a ly s e s .
2. The re m a in in g  e le m e n ts  can  be d iv id e d  in to  th re e  s e p a ra te  f a c to r s .  
F a c to r  1 i s  h ig h ly  c o r r e la te d  w i t h  a lu m in um , i r o n ,  z in c ,  and manga­
nese (m em brane).
F a c to r  2 i s  h ig h ly  c o r r e la te d  w i t h  s u l f a t e ,  n i t r a t e ,  and lead 
( h i - v o l  and m em brane).
F a c to r  3 i s  h ig h ly  c o r r e la te d  w i t h  n ic k e l  and manganese ( h i - v o l ) .
3. The th re e  f a c t o r  can be in te r p r e te d  as f o l lo w s :
F a c to r  1 re p re s e n ts  s o i l ,  road  d u s t ,  c r u s t a l  e a r th  m a te r ia ls ,  and so 
f o r t h .
F a c to r  2 re p re s e n t  a u to m o t iv e  e x h a u s t and m a jo r in d u s t r ia l  
eral ss io  n s .
F a c to r  3 c o u ld  n o t be in te r p r e te d  w ith  any deg ree  o f  success. The 
o n ly  l i k e l y  c a n d id a te s  seem to  be the b u rn in g  o f  r e s id u a l o i l  o r 
the p ro d u c t io n  o f  a s p h a lt  and the  l i k e .
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4 . M e te o ro lo g y  can be re p re s e n te d  by th re e  fa c to r s  a ls o .
F a c to r  1 i s  c o r r e la te d  w i t h  te m p e ra tu re ,  dew p o in t ,  and n e ta g iv e ly  
c o r r e la te d  w i t h  snow on the  g ro u n d . T h is  i s  in te r p r e te d  
to  be r e la te d  to  the  season and o v e r a l l  te m p e ra tu re .
F a c to r  2 i s  c o r r e la te d  w i t h  p r e c ip i t a t i o n ,  r e la t i v e  h u m id ity ,  and 
n e g a t iv e ly  w i t h  v i s i b i l i t y .  T h is  f a c t o r  i s  in te r p r e te d  
to  r e p re s e n t  w e t o r  p r e c ip i t a t io n  c o n d i t io n s .
F a c to r  3 i s  c o r r e la te d  w i t h  w ind  speed, and n e g a t iv e ly  c o r re la te d  
w i t h  s t a b i l i t y  c la s s e s .  T h is  i s  in te r p r e te d  to  re p re s e n t 
th e  o v e r a l l  d is p e r s io n  c o n d it io n s  o f  the  lo c a l  a tm osphere .
5 . C o r r e la t io n s  be tw een th e  two s e ts  o f  f a c to r s  y ie ld s :
a . P o s i t iv e  c o r r e la t io n s  betw een e le m e n t f a c t o r  1 and m e te o ro lo g ic a l 
f a c t o r  1.
b . N e g a tiv e  c o r r e la t io n s  betw een e le m e n t f a c t o r  1 and m e te o ro lo g ic a l 
f a c t o r  2 , e le m e n t f a c t o r  2 and m e te o ro lo g ic a l f a c to r  1, and 
e le m e n t f a c t o r  2 and m e te o ro lo g ic a l f a c t o r  3 .
These c o r r e la t io n s  in d ic a te  t h a t  ( 1 )  s o i l s  d a ta  in c re a s e  as tem­
p e ra tu re  in c re a s e s ,  ( 2 ) s o i l s  d a ta  d ecrease  as p r e c ip i t a t io n  
in c re a s e s ,  ( 3 )  a u to m o b i le / in d u s t r y  d a ta  dec rea se  as te m p e ra tu re  
in c re a s e s ,  and ( 4 )  a u to m o b i le / in d u s t r y  d a ta  d ec re a se s  as s t a b i l i t y  
w orsens o r  w ind  speed in c re a s e s .
6 . The s o i l s  d a ta  and the a u to m o b i le / In d u s t r y  d a ta  e x h ib i t  a d i f f e r e n t  
s e t o f means be tw een  Sunday and the  r e s t  o f  the  week.
7 . O n ly  the s o i l s  d a ta  e x h ib i t s  a d i f f e r e n t  mean be tw een  w e t and d ry
d a y s .
8 . The c o r r e la t io n  be tw een  the  e le m e n ta l fa c to r s  and the  am b ien t d a ta
y ie ld s  ( 1) f a c t o r  1 ( s o i l s )  e x p la in s  the  m ost v a r ia n c e  in  the d a ta
f o r  a l l  p a r t i c u la t e  s i t e s  e x c e p t C e n tra l P ark  f i n e ,  ( 2 )  s u l f u r
d io x id e  and f in e  p a r t i c u la t e  a re  c lo s e ly  a s s o c ia te d  w ith  f a c t o r  2 ,
( 3) the  f in e  and co a rse  d a ta  a re  b o th  a s s o c ia te d  w i th  d i f f e r e n t
f a c t o r s ,  and ( 4 )  no r e la t io n s h ip  can be e s ta b lis h e d  f o r  f a c to r  3.
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Summary and C o n c lu s io n s
The purpose  o f  t h i s  p a p e r was to  p re s e n t th e  r e s u l t s  o f  an a n a ly s is  
o f  t o t a l  and in h a la b le  p a r t i c u la t e  a i r  p o l lu t io n  in  B i l l i n g s ,  M ontana. 
The a n a ly s is  has ta k e n  the  fo rm  o f  o b s e rv in g  any r e la t io n s h ip s  betw een 
the  a i r  m o n ito r in g  d a ta  and m e te o ro lo g ic a l o r  e m is s io n - re la te d  d a ta .
The a n a ly s is  has ta k e n  many s t a t i s t i c a l  fo rm s  from  s im p le  com parisons  o f 
the means to  f a c t o r  a n a ly s is .
The s tu d y  a n a ly z e d  a m b ie n t a i r  q u a l i t y  d a ta  g a th e re d  in  B i l l i n g s  
under the  M ontana A i r  P o l lu t io n  S tu d y  (MAPS) f o r  the  p e r io d  1978 th ro u g h  
May 1980. Some a i r  p o l lu t io n  m o n ito r in g  system s e x is te d  p r io r  to  the 
MAPS p r o je c t ,  w i t h  1977 used as the  s t a r t in g  y e a r f o r  these m o n ito rs .
The am b ien t d a ta  c o n s is te d  o f t o t a l  suspended p a r t i c u la t e ,  in h a la b le  
p a r t i c u la t e  ( p a r t i c l e s  le s s  th a n  15 m ic ro n s  in  s iz e ) ,  coa rse  p a r t i c u la t e  
( p a r t i c le s  be tw een 2 .5  and 15 m ic r o n s ) ,  f in e  p a r t i c u la t e  ( p a r t ic le s  le s s  
than  2 .5  m ic r o n s ) ,  s u l f u r  d io x id e ,  n i t r o g e n  d io x id e ,  and 12 e le m e n ts  o r  
compounds found on b o th  the  h ig h -v o lu m e  and membrane a i r  sa m p le rs . The 
C e n tra l P ark  s i t e ,  lo c a te d  in  a r e s id e n t ia l  p o r t io n  o f  B i l l i n g s ,  was the  
m a jo r s i t e  o f  a n a ly s is ,  s in c e  t h i s  s i t e  had m ost o f  the  re le v a n t  
in s t ru m e n ta t io n .  H ig h -v o lu m e  s i t e s  lo c a te !  in  the  s u rro u n d in g  a rea  a ls o  
were used.
The m a jo r i t y  o f  m e te o r o lo g ic a l d a ta  used in  the  a n a ly s is  was take n  
from  the N a t io n a l W ea the r S e rv ic e  (NWS) lo c a te d  a t  Logan In te r n a t io n a l  
A i r p o r t .  I t  was d e c id e d  to use these  d a ta ,  s in c e  NWS had the most 
com plete m e te o ro lo g ic a l r e c o rd .  A co m p a riso n  was made between d a ta  
c o lle c te d  a t  C e n tra l P a rk  and the NWS d a ta ,  lo c a te d  in  A ppend ix  A.
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S in c e  d i r e c t  e m is s io n  m easurem ents w ere  n o t ta k e n  d u r in g  the MAPS 
p r o je c t ,  o th e r  v a r ia b le s  w e re  chosen  to  re p re s e n t  e m is s io n s - re la te d  
d a ta .  These d a ta  in c lu d e d  v e h ic u la r  t r a f f i c  c o u n ts , day o f the  week, 
w eekday/w eekend, se aso n , p r e c ip i t a t i o n  in d e x ,  and e le m e n ta l a n a ly s is  o f  
the  f i l t e r s .  The v a r ia n c e  obse rve d  among these v a r ia b le s  p ro v id e d  c lu e s  
as to  the  i d e n t i t y  o f  the  so u rce  o f  p a r t i c u la t e s .
The d a ta  w ere  a n a ly z e d  u s in g  v a r io u s  s t a t i s t i c a l  te c h n iq u e s . The 
fre q u e n c y  d i s t r i b u t i o n  and m o n th ly  and seasona l v a r ia t io n s  w ere used to 
a s s is t  in  the i d e n t i f i c a t i o n  o f  a number o f  s o u rce s . The com p arison  o f  
mean p a r t i c u la t e  v a lu e s  b e tw een  days o f  the  week and wet and d ry  days 
a ls o  y ie ld s  im p o r ta n t  in fo r m a t io n  r e la t i v e  to  source  c o n t r ib u t io n s .
These two m ethods can  be used to  d e te rm in e  the  r e la t i v e  im p o rta n c e  o f  
m an 's a c t i v i t i e s  on p a r t i c u la t e  c o u n ts  fro m  such th in g s  as a u to m o tiv e  
t r a f f i c ,  s o i l  and road  d u s t ,  and so f o r t h .  E n r ich m e n t fa c to r s  were a ls o  
used to d e te rm in e  w h ic h  m e ta ls  w ere l i k l e y  to  be e n r ic h e d  by some source 
o th e r  than  th e  e a r t h ’ s c r u s t  o r  s o i l .  F a c to r  a n a ly s is ,  u s in g  p r in c ip a l  
com ponents, a ls o  was a p o w e r fu l t o o l  used to  i d e n t i f y  so u rces  o f 
p a r t i c u la t e .  In  t h i s  c a s e , the  e le m e n ta l d a ta  g a th e re d  on the  h ig h -  
volume and membrane sa m p le rs  w ere  o rd e re d  to  d e te rm in e  w h ic h  e le m e n ts  
were re la te d  to  each o th e r  and w h ich  e le m e n ts  w e re  in d e p e n d e n t o f  each 
o th e r .  I t  was assumed t h a t  u n re la te d  e le m e n ts  a re  from  in d ependen t 
sou rces .
The r e s u l t s  o f  the  f re q u e n c y  d i s t r i b u t i o n  in d ic a te d  th a t  m ost s i t e s  
were p ro b a b ly  b e in g  in f lu e n c e d  by g e n e ra l o r  a re a  s o u rc e s . O n ly  two 
s ite s  f a i le d  the  c h i- s q u a r e  t e s t  f o r  lo g - n o r m a l i t y ,  in d ic a t in g  the
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th e o ry  o f  g e n e ra l ca u s e s . The f a i l u r e  o r  success  o f  p a s s irg  the  lo g -  
n o r m a l i t y  t e s t  i s  n o t  in  and o f  i t s e l f  a c le a r  in d ic a t io n  o f  source 
i d e n t i t y ,  s in c e  s e v e ra l a u th o rs  have suggested  t h a t  t t e  lo g -n o rm a l 
d i s t r i b u t i o n  i s  n o t  the  o n ly  d i s t r i b u t i o n  f o r  s ta t io n s  in f lu e n c e d  by 
many s o u rc e s .
An o b s e r v a t io n  o f  th e  d a ta 's  m o n th ly  and seasona l v a r ia t io n  in d ic a ­
te s  th a t  th e  h ig h e s t  v a lu e s  f o r  a l l  s i t e s  o c c u r in  the  summer, w h ile  the 
lo w e s t v a lu e s  tend to  o c c u r in  the  w in t e r .  T h is  o b s e rv a t io n  i s  q u i te  
the o p p o s ite  o f  t y p i c a l  a i r  m o n ito r in g  d a ta ,  s in c e  the  w in te r  and f a l l  
o f f e r  p e r io d s  o f  p o o re s t  d is p e r s io n  c h a r a c t e r is t i c s .  The coarse  par­
t i c u la t e  had the same p a t t e r n ,  w h i le  the  f i n e  p a r t i c u la t e  showed no s ta ­
t i s t i c a l  d i f f e r e n c e  be tw een each m easured m onth (ANOVA t e s t ) .  S ince 
t h i s  d i s t r i b u t i o n  does n o t m a tch  the  d i s t r i b u t i o n  f o r  s u l f u r  d io x id e ,  a 
un ique  t r a c e r  f o r  i n d u s t r i a l  so u rc e s , i t  i s  assumed t h a t  m a jo r 
in d u s t r ia l  so u rces  do n o t c o n t r ib u te  s i g n i f i c a n t l y  to  the t o t a l  o r 
coarse p a r t i c u la t e  le v e ls .  T h is  c o n c lu s io n  s u g g e s ts  o n ly  t h a t  the  m ain 
" s ta c k "  e m is s io n s  a re  n o t s ig n i f i c a n t  c o n t r ib u to r s  and does n o t say 
a n y th in g  about e m is s io n s  t h a t  may v a ry  fro m  a n c i l l a r y  a c t i v i t i e s ,  such 
as sh ip p in g  and r e c e iv in g ,  o f f i c e  w o rk , ya rd  w o rk e rs , and the l i k e .  The 
re a d in g s  obse rved  appear to  be r e la te d  to m an's a c t i v i t i e s  and asso­
c ia te d  w ith  a u to m o tiv e  t r a f f i c .
P roceed ing  one s te p  f u r t h e r  th ro u g h  co m p a rison  o f mean v a lu e s  d u r in g  
Sundays and h o l id a y s  w i t h  th e  mean v a lu e s  f o r  th e  r e s t  o f  the weelc, i t  
was found th a t  a l l  s i t e s  in  the  a re a ,  save one , had p a r t i c u la t e  v a lu e s  
low er on Sundays and h o l id a y s  th a n  th e  r e s t  o f  the  w e e k .  O nly two T o ?  
s ite s  showed a s t a t i s t i c a l  d i f f e r e n c e  be tw een the  two ( t - t e s t ) ;  C e n tra l
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P ark  and C i t y  H a l l  had the  h ig h e s t  d eg ree  o f v a r ia t io n ,  w h ile  Lockwood 
S choo l and KGHL had the  lo w e s t  v a r i a t i o n .  I t  was th e r e fo r e  assumed th a t  
o u td o o r  r e c r e a t io n a l  a c t i v i t i e s  do n o t c o n t r ib u te  much to  p a r t i c u la t e  
v a lu e s ,  s in c e  days w i t h  t h e i r  h ig h e s t  a c t i v i t i e s  (S a tu rd a y  and Sunday) 
a re  the  days w i t h  the  lo w e s t  p a r t i c u la t e  le v e ls .
The same typ e  o f  co m p a ris o n  was made betw een w e t and d ry  d ays . A 
p r e c ip i t a t io n  in d e x  was used to  d i f f e r e n t i a t e  betw een a w et and a d ry  
day . The r a t i o  betw een the  w e t day and the  d ry  day mean was between .41 
and .72  f o r  a l l  p a r t i c u la t e s ,  e x c e p t C e n tra l P ark  f in e s .  I t  was con­
c lu d ed  th a t  t h i s  s i g n i f i c a n t  r e d u c t io n  i n  re a d in g s  was re s p o n s ib le  f o r  a 
m a jo r p o r t io n  o f  the  t o t a l  p a r t i c u la t e  le v e ls ,  betw een 29% and 59%. A t 
the sane tim e  th e  s u l f u r  d io x id e  d a ta  (a  t r a c e r  f o r  i n d u s t r ia l  s ta c k  
e m is s io n s ) d is p la y e d  no s t a t i s t i c a l  d i f f e r e n c e  be tw een  w et and d ry  days 
f o r  a l l  seasons co m b in e d . T h e re  was a ls o  no d i f fe r e n c e  betw een t r a f f i c  
p a t te rn s  from  w et and d ry  days as measured in  G re a t F a l ls  and M is s o u la ,
I t  was th e r e fo r e  assumed t h a t  th e  same p a t te r n  h o ld s  tru e  in  B i l l i n g  s.
E n rich m e n t f a c t o r s  were c a lc u la te d  f o r  a number o f  the e le m e n ta l 
d a ta  fro m  the  h ig h -v o lu m e  and membrane f i l t e r s .  Lead and cadmium
d is p la y e d  the  g r e a te s t  d e g re e  o f  e n r ic h m e n t,  from  sou rces  o th e r  th a n  the
c r u s ta l e a r th  o r  s o i l ,  a r s e n ic ,  n i c k e l ,  and z in c  the  n e x t most e n r ic h e d  
e le m en ts , w i th  a lu m in um , i r o n ,  and manganese were th e  le a s t  e n r ic h e d .
The h ig h  deg ree  o f  e n r ic h m e n t f o r  le a d  and cadmium in d ic a te s  t h a t  the  
source o f  these  e le m e n ts  i s  n o t the  s o l id  o r  c r u s ta l  e a r th .  The 
a rs e n ic ,  n ic k e l ,  and z in c  w ere  e n r ic h e d  above norm a l le v e ls ,  b u t they 
cou ld  have s e v e ra l s o u rce s  o f  c o n t r ib u t io n ,  in c lu d in g  the s o i l .  The
alum inum , i r o n ,  and manganese can be e x p la in e d  by c o n t r ib u t io n s  from  the
s o i l  o r a s im i la r  s o u rc e .
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The r e s u l t s  o f  the  f a c t o r  a n a ly s is  u s in g  the  p r in c ip a l  component 
method p ro v id e d  e x tre m e ly  in t e r e s t in g  r e s u l t s .  Three fa c to r s  were 
e x t r a c te d ;  tw o w ere i d e n t i f i e d .  The f i r s t  f a c t o r  re p re s e n te d  s o i l ,  road 
d u s t ,  and c r u s t a l  e a r th  m a te r ia l  (b y  v i r t u e  o f a lum inum , i r o n ,  z in c ,  and 
m anganese), w h ile  the  second f a c t o r  was in te r p r e te d  to  re p re s e n t 
in d u s t r ia l  e m is s io n s  and a u to m o tiv e  e x h a u s t. The f i r s t  f a c to r  d is p la y e d  
a p o s i t iv e  c o r r e la t io n  w i t h  te m p e ra tu re ,  w h ile  the  second f a c to r  had a 
n e g a tiv e  c o r r e la t io n ,  A co m p a riso n  betw een Sundays and the  r e s t  o f  the 
week in d ic a te d  th a t  th e  f i r s t  f a c t o r  was c lo s e ly  a s s o c ia te d  w ith  the  
observed  TSP v a r ia t io n s .  The w et d a y /d ry  day com parisons  a ls o  had the 
same d i s t r i b u t i o n  as th e  TSP d a ta .  A c o r r e la t io n  betw een the  fa c to r s  
and the am b ien t d a ta  re v e a le d  t h a t  th e  f i r s t  f a c t o r  was g e n e ra l ly  w e l l  
c o r re la te d  w i t h  the  TSP and co a rse  p a r t i c u la t e  d a ta .  The second f a c to r  
was a s s o c ia te d  w i t h  the  f i n e  p a r t i c u la t e  d a ta  and the  s u l f u r  d io x id e  
v a lu e s .
Based upon the  in fo r m a t io n  p re s e n te d , i t  i s  conc luded  th a t  th e  TSP 
va lu e s  observed  in  th e  c i t y  o f  B i l l i n g s  a re  m ost c lo s e ly  a s s o c ia te d  w ith  
road d u s t,  s o i l ,  and c r u s ta l  e a r th  m a te r ia l  s . The r e la t io n s h ip  i s  bo rne  
out o f t?ie co m p a rison s  be tw een  w e t and d ry  d ays , days o f  the week, 
e n richm en t f a c t o r s ,  and p r in c ip a l  com ponent a n a ly s e s . I t  i s  a ls o  
concluded th a t  th e  f i n e  p a r t i c u la t e  d a ta  p ro b a b ly  have m a jo r in d u s t r ia l  
a n d /o r a u to m o tiv e  e x h a u s t as  a m a jo r s o u rc e .
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T h e r e fo r e ,  th e  c o n t r o l  o f  TSP w o u ld  b e s t  be accom p lished  th ro u g h  a 
p rogram  d e s ig n e d  to  l i m i t  d u s t  and c r u s ta l  e a r th - r e la te d  s o u rce s . S ince  
the  r u r a l  s i t e  (KGHL) d id  n o t e x h ib i t  a s tro n g  dependence upon th e  s o i l -  
r e la te d  fa c to r s  ( p r i n c i p a l  component 1 ) ,  i t  can be conc luded  th a t  the  
c o n t r o l  o f  s o i l  d u s t  w i l l  n o t se rve  to  im p rove  a i r  q u a l i t y  
s i g n i f i c a n t l y .  The c o n t r o l  o f  road d u s t ,  how eve r, w o u ld  seem to  make a 
c o n c re te  r e d u c t io n  in  TSP le v e ls  obse rved  in  B i l l i n g s .
The c o n t r o l  o f  f i n e  p a r t i c u la t e ,  on the  o th e r  hand , w ou ld  n o t be as 
e f f e c t i v e l y  c o n t r o l le d  by th e  use o f road d u s t s u p p re s s io n . I t  appears 
th a t  the  a u to m o t iv e / in d u s  t r i a l  com ponent i s  m ost p re d o m in a n t in  
e x p la in in g  the  d a ta  v a r ia n c e .  F u r th e r  s tu d y , such as ch e m ica l mass 
b a la n c e , i s  n e c e s s a ry  to  make recom m enda tions on e f f e c t i v e  c o n t r o l  
s t ra te g  ie s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
A pp e nd ix  A
C om parison  betw een N a t io n a l W eather S e rv ic e  M e te o ro lo g ic a l Data
and
C e n tr a l P a rk  M e te o ro lo g ic a l D a ta
T h is  a p p e n d ix  d e s c r ib e s  the  co m p a riso n  be tw een th e  d a ta  g a th e re d  a t  
the N a t io n a l W eather S e rv ic e  a t  the  Logan I n t e r n a t io n a l  A i r p o r t  and the 
d a ta  g a th e re d  a t  C e n tra l P a rk . The d a ta  i s  compared o ve r the  same 
p a ire d  tim e  fram es and in  the  same m ea su ring  u n i t s .  The purpose o f  the  
com parisons was to  æ e i f  i t  was v a l id  to  use the  two d a ta  s e ts  
in te rc h a n g e a b ly .  I t  was m ore d e s ir a b le  to  use the  C e n tra l P ark d a ta , 
excep t th a t  t h i s  d a ta  was n o t  as co m p le te  as the  N a t io n a l W eather 
S e rv ic e  d a ta .  In  a d d i t io n ,  the  N a t io n a l W eather S e rv ic e  (NWS) d a ta  
o f fe re d  more v a r ia b le s  th a n  th e  C e n tra l P a rk  s i t e  such as v i s i b i l i t y  and 
s ta t io n  p re s s u re .
There  were o n ly  f o u r  v a r ia b le s  m easured a t  b o th  NWS and C e n tra l park  
which c o u ld  be com pared . These v a r ia b le s  a re  w ind speed, w ind 
d i r e c t io n ,  te m p e ra tu re ,  and dew p o in t .  A co m p a rison  o f  each v a r ia b le  
fo l lo w s .
Wind Speed
Wind speed was m easured in  m e te rs  p e r second a t  b o th  s i t e s .  The 
C e n tra l Park d a ta  spanned fro m  a p p ro x im a te ly  A ugust 1978 th ro u g h  A p r i l  
1980 w h ile  the NWS d a ta  spanned A p r i l  1978 th ro u g h  A p r i l  1980. The d a ta  
were compared o n ly  f o r  e q u iv a le n t  p a i r s ,  t h a t  i s  d a ta  f o r  w h ich  v a l id  
data  were re c o rd e d  f o r  the  same d a y . T a b le  A-1 be low  i s  a ta b u la t io n  o f  
the d a ta  f o r  each c a te g o ry  o f  w ind  speed . The w ind speed is  rounded to 
the n e a re s t w ho le  m e te r p e r s e co n d . As the  ta b le  c le a r ly  in d ic a te d ,  the 
wind speed a t  the  A i r p o r t  n e a r ly  a lw a ys  has more o c c u rra n c e s  in  h ig h e r
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T a b le  A-1 
C e n tra l P ark  v s .  NWS Wind Speed 
C ro ss  T a b u la t io n
N a t io n a l W eather S e rv ic e
0 1 2 3 4 5 6 7 8 9 10 11 Row
T o ta l
0 0 9 10 6 3 0 0 0 0 0 0 28
0 0 6 34 42 29 7 4 1 1 1 1 125
0 0 2 9 33 31 25 9 1 0 0 0 110
0 0 0 1 2 10 15 7 13 5 1 0 54
0 0 0 0 0 2 1 0 6 8 3 0 20
0 0 0 0 0 0 1 0 1 2 2 1 7
0 0 0 0 0 0 0 0 0 0 1 2 3
0 0 17 54 83 75 49 22 22 16 8 3
V a lu e s  = # o f  days m atched 
U n i t s  = m e te rs /s e c o n d
T o ta l = 347
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w ind  c a te g o r ie s  th a n  th e  C e n tra l P a rk  s i t e .  I t  w ou ld  appear from  the  
t a b le ,  h o w e ve r, t h a t  th e re  a pp e a rs  to  be a r e la t io n s h ip  between the two 
p a ra m e te rs . The d a ta  was f u r t h e r  reduced  to  o b ta in  th e  fo l lo w in g  
s t a t i s t i c s .
T a b le  A-2 
C e n tr a l P a rk  v s .  tWS Wind Speed 
Summary S t a t i s t i c s
Number o f  P a ir s  o f  d a ta  = 347
Mean NWS Wind Speed = 5 .1 0  m e te rs /s e c
Mean C e n tr a l P a rk  Speed = 1 .84  m e te rs /s e c
C o r r e la t io n  C o e f f ic ie n t  = .73 29
S ig n i f ic a n c e  = .0000
E q u a tio n  o f  L e a s t S q u a re s : C e n tra l p a rk  = (N W S )(-.4 4 1 ) -  .406
The summary s t a t i s t i c s  in d ic a t e  a t ru e  r e la t io n s h ip  between each o th e r
by v i r t u r e  o f  th e  s ig n i f ic a n c e  le v e l  and the c o r r e la t io n  c o e f f i c i e n t .
In  a d d i t io n  the  s lo p e  tend to in d ic a te  t h a t  the  r e la t io n s h ip  i s  abou t 
4 .4  to  10. I t  a p p e a rs , t h e r e fo r e ,  t h a t  th e  two pa ram e te rs  a re  re la te d  
to  each o th e r  and t h a t  th e  B i l l i n g s  A i r p o r t  d a ta  g e n e r a l ly  reads  
s l i g h t l y  more th a n  tw ic e  the  v a lu e s  a t  C e n tra l P a rk . As long  as o n ly  
the v a r ia n c e  in  the  d a ta  i s  b e in g  c o n s id e re d  th ro u g h o u t the  a n a ly s is ,  
the use o f e i t h e r  v a lu e  s h o u ld  y ie ld  a p p ro x im a te ly  the  same r e s u l t s .
Wind D ir e c t io n
Wind d i r e c t io n  was m easured as the  p re d o m in a n t d i r e c t io n  f o r  the  day
using  b o th  the  NWS and the  C e n tra l Park d a ta .  The same 8 c a te g o r ie s
p re v io u s ly  d e s c r ib e d  was used in  d e te rm in in g  the p re do m in a n t w ind 
d i r e c t io n :
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1 = n o r th  2 = n o r th e a s t  3 = e a s t  4 = s o u th e a s t
5 = s o u th  6 = s o u th w e s t 7 = w e s t 8 = n o r th w e s t
S in ce  t h i s  d a ta  does n o t have the sane o rd e r in g  v a lu e s  as o th e r  
v a r ia b le s ,  c o r r e la t i o n  a n a ly s is  was n o t used . For exam ple , a w ind 
d i r e c t io n  v a lu e  o f  8 does n o t mean t h a t  the  d i r e c t io n  has tw ic e  the 
w e ig h t as a d i r e c t i o n  o f  4 . The com parisons  w ere l im i t e d  to o n ly  ana­
ly z in g  the c ro s s  t a b u la t io n s  o f the w ind d i r e c t io n .  The c ro s s  ta b u la ­
t io n s  a re  l i s t e d  in  T a b le  A -3 .
I t  can be n o te d  fro m  the  ta b le  t h a t  th e re  seems to  be a r e la t io n s h ip
between each o f  the  g e n e ra l c a te g o r ie s .  T h a t i s  to  say th a t  m a jo r i t y  o f
the m atches tend  to  l i n e  up a lo n g  the  d ia g a n o l from  the  top  l e f t  th ro u g h
the  bo ttom  r i g h t .  The r e la t io n s h ip ,  h ow eve r, does n o t seem to match 
i t s e l f  c o r r e c t l y  w i t h in  each c a te g o ry .  F o r exam p le , the  C e n tra l P ark 
s i te  re co rd e d  t i e  m a jo r i t y  o f  the w ind  d i r e c t io n s  (59%) from  the w e s t, 
w h ile  the A i r p o r t  d a ta  suggested  t h a t  th e  m a jo r i t y  o f the  w ind d i r e c t io n  
was from  the s o u th w e s t (5 3 % ). The same p a t te r n  i s  g e n e r a l ly  observed 
fo r  the n o r th  th ro u g h  e a s t  d i r e c t io n s .  When th e  A i r p o r t  r e p o r ts  w ind 
d ir e c t io n s  from  the  n o r th  o r  n o r th e a s t ,  the  C e n tra l P ark s i t e s  tend to 
see the same d i r e c t io n s  as  a n o r th e a s t  and e a s t r e s p e c t iv e ly .  The d a ta  
fo r  the s o u th e a s t,  s o u th ,  and n o r th w e s t d i r e c t io n s  was in s u f f i c i e n t  to  
draw any c o n c lu s io n s .
In  summary the  w ind  d i r e c t i o n  m easured a t  C e n tra l P ark was g e n e ra l ly  
ro ta te d  abou t 45® c lo c k w is e  when compared to  the  A i r p o r t .  T h is  canno t 
be s ta te d  as an a b s o lu te ,  b u t app e a rs  to  be the  tre n d  when compared 
a g a in s t the a v a i la b le  d a ta .  R eported  d i r e c t io n s  from  the s o u th e a s t, 
so u th , and n o r th w e s t w ere  in c o n c lu s iv e .
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T a b le  A—3
C e n tr a l P a rk  v s .  NWS Wind D i r e c t io n  
C ro ss  T a b u la t io n s
NWS -  A i r p o r t
N o r th N o r th e a s t E a s t S o u th e a s t S ou th S ou th w es t West N o rth w e s t Ro'
Tot.
c N o r th 2 1 0 0 0 1 1 2 7
e
n N o r th e a s t 11 18 1 0 0 9 2 1 42
t
r E a s t 5 18 4 0 4 5 0 1 37
a
1 S o u th e a s t 0 0 7 3 1 3 0 0 14
P S o u th 0 0 0 0 0 0 0 0 0
a
r S o u th w e s t 2 1 0 0 02 18 2 2 27
k
W est 7 4 1 0 2 146 26 17 203
N o r th w e s t 1 0 0 0 0 2 6 8 17
Column
T o ta l 28 42 13 3 9 184 37 31
f>oCO
T o ta l = 347
V a lu e s  = number o f  days m atched
1 3 0
T e m p e ra tu re
The a v a i la b le  te m p e ra tu re  d a ta  fro m  C e n tra l P a rk  was q u i te  l im i t e d .  
The coded d a ta  o n ly  spanned fro m  O c to b e r 1979 th ro u g h  A p r i l  1980. A l l  
c o m p a r is o n s , t h e r e f o r e ,  w e re  made w ith o u t  the  b e n e f i t  o f  a summer 
season . The d a ta  was coded in  d e g re e s  c e n t ig ra d e  and re p o r te d  to the 
n e a re s t  t e n th  o f  a d e g re e . T a b le  A-4 b e lo w  l i s t s  the  summary s t a t i s t i c s  
f o r  the  c o m p a r is o n . The summary s t a t i s t i c s  a re  done in  a p a ir -w is e  
fa s h io n  as d e s c r ib e d  in  th e  w ind  speed co m p a ris o n s .
T a b le  A-4 
C e n tr a l P a rk  v s .  NWS T em pera tu re  
D egrees C e n tig ra d e  
Summary S t a t i s t i c s
Number o f  P a ir s  o f  D a ta  = 100
Mean C e n tr a l P a rk  T e m p e ra tu re  = 0 .6 6 °C
Mean NWS T e m p e ra tu re  = 2 .6 8 °C
S td . Dev. C e n tr a l P a rk  = 9 .9 2
S td .  D ev. NWS = 1 0 .5 4
Mean D if f e r e n c e  = -2 .0 2
C o r r e la t io n  C o e f f i c i e n t  = .936
E q u a tio n  o f  L e a s t  S q u a re s : C e n tra l p a rk  = (NWS)( .8 8 1 )  -  1 .7 0
The summary s t a t i s t i c s  in d ic a t e  a good r e la t io n s h ip  betw een the  
te m p e ra tu re  m easured a t  C e n tr a l P a rk  and the  te m p e ra tu re  measured a t  the  
A i r p o r t ,  I t  a p p e a rs  t h a t  th e  A i r p o r t  c o n s is t e n t l y  m easures te m p e ra tu re s  
warmer than  th e  v a l le y  f l o o r .  The c o r r e la t io n  c o e f f i c i e n t  i s  a good 
in d ic a to r  o f  the  c o n s is te n c y  o f  the r e la t io n s h ip  betw een the two v a lu e s .  
I t  appears th a t  th e  use o f  e i t h e r  v a r ia b le  in  su bsequen t a n a ly s is  w ou ld
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have l i t t l e  im p a c t upon the  outcom e as  lo n g  as th e  v a r ia n c e  o f  the  
v a lu e s  i s  b e in g  c o n s id e re d .
Dew P o in t
T ie  same p ro b le m  w i t h  l im i t e d  d a ta  add ressed  above a p p lie s  to  the  
dew p o in t  c o m p a r is o n . O n ly  78 days  o f  d a ta  w ere  compared ra n g in g  from  
O c to b e r 1979 to  A p r i l  1980. The d a ta  w ere  coded in  d e g re e s  c e n t ig ra d e  
and re p o r te d  to the  n e a re s t  t e n th  o f  a d e g re e . T a b le  A-5 b e lo w  l i s t s  
the  summary s t a t i s t i c s  f o r  th e  c o m p a r is o n . The summary s t a t i s t i c s  a re  
done in  a p a i r  w ise  fa s h io n  as  d e s c r ib e d  In  th e  wind speed co m p a riso n s .
T ab le  A-5 
C e n tr a l P a rk  v s .  Nl^S Dew P o in t  
D egrees C e n tig ra d e  
Summary S t a t i s t i c s
Number o f p a i r s  o f  d a ta  = 78
Mean C e n tr a l P a rk  Dew P o in t  = - 1 5 .3
Mean NWS Dew P o in t  = - 3 . 2
S td . D ev. C e n tr a l P a rk  = 4 .4 4
S td .  D ev. NWS Dew P o in t  = 4 .2 5
Mean D if f e r e n c e  = -1 2 .1
C o r r e la t io n  C o e f f i c ie n t  = .816
E q u a tio n  o f  L e a s t  S q u a re s : C e n tra l P ark  = (NWS)( .8 5 1 )  -  12 .6
The d a ta  f o r  dew p o in t  i s  somewhat s u r p r is in g  when compared to  the 
te m p e ra tu re  and w in d  speed d a ta .  T h e re  a pp e a rs  to  be a good r e la ­
t io n s h ip  betw een the  two v a r ia b le s  by v i r t u e  o f the  n e a r ly  id e n t ic a l  
s tan d a rd  d e v ia t io n s ,  c o r r e la t i o n  c o e f f i c i e n t ,  and s lo p e . Nhat i s  
d is tu r b in g  i s  th e  d e g re e  o f  d i f f e r e n c e  be tw een  the  two v a lu e s .  S ince
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Chs C ô n tx a l P a rk  s i t e  was lo c a te d  m  a r e s id e n t ia l  a re a  on th e  v a l le y  
f l o o r ,  i t  w o u ld  be re a s o n a b le  to  e xp e c t a warmer dew p o in t ,  In d ic a te d  
m ore m o is t  c o n d i t io n s ,  th a n  th e  A i r p o r t  w h ic h  i s  lo c a te d  on an open 
p la in  above th e  v a l l e y .  The d a ta  in d ic a te d  q u i te  th e  o p p o s ite .  A 
re v ie w  o f  the  re c o rd s  in d ic a te s  t h a t  o n ly  e le c t r o n ic  checks w ere a p p lie d  
to  the  dew p o in t  in d ic a te d  a t  C e n tra l P a rk . No dynam ic c a l ib r a t io n s  
w ere p e r fo rm e d . T h is  may in d ic a t e  t h a t  a lth o u g h  the  dew p o in t  in d ic a te d  
a t  C e n tra l P a rk  was o p e ra t in g  c o r r e c t l y ,  p e rh a p s  th e  a b s o lu te  v a lu e  i s  
in c o r r e c t .  T h is  c o u ld  a c c o u n t f o r  the  d i f f e r e n c e .  No o th e r  e x p la n a t io n  
seems re a s o n a b le .
In  any e v e n t ,  th e re  seems to  be a good r e la t io n s h ip  betw een the  two 
v a r ia b le s  in d ic a t in g  t h a t  co m p a riso n s  done w i t h  e i t h e r  v a r ia b le  w ould 
l i k e l y  y ie ld  th e  same r e s u l t s  as lo n g  as a b s o lu te  v a lu e s  w ere  n o t c r i t i ­
c a l in  the  a n a ly s is .
Summary
T h is  a p p e n d ix  has d e s c r ib e d  some co m p a rison s  betw een m e te o ro lo g ic a l 
d a ta  c o l le c te d  a t  C e n tr a l P a rk  and the  N a t io n a l W eather S e rv ic e  (NWS) a t  
Logan I n t e r n a t io n a l  A i r p o r t  in  B i l l i n g s .  The co m p a riso n  was conducted  
w ith  fo u r  v a r ia b le s ,  w ind  speed , w ind  d i r e c t io n ,  te m p e ra tu re , and dew 
p o in t .  The w ind  speed and d i r e c t i o n  d a ta  spanned a p p ro x im a te ly  18 
m onths w h ile  the  dew p o in t  and te m p e ra tu re  d a ta  covered  a p e r io d  o f  7 
m onths.
The w ind speed d a ta  in d ic a te d  a good c o r r e la t io n  betw een th e  two 
v a lu e s .  The w ind  speed d a ta ,  h o w e ve r, was c o n s is te n t ly  f a s t e r  a t  the  
A i r p o r t  th a n  on the  v a l le y  f l o o r .  T h a t i s  n o t a s u r p r is in g  c o n c lu s io n .
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s in c e  the  A i r p o r t  i s  lo c a te d  in  a w e l l  v e n t i la t e d  a re a  s e v e ra l hundred 
f e e t  above th e  v a l le y .  The w ind  d i r e c t io n  d a ta  a ls o  tere ied to e x h ib i t  a 
good r e la t io n s h ip  be tw een  th e  two s i t e s .  The d a ta  seens to  in d ic a te  
t h a t  the  C e n tr a l P a rk  s i t e  m easures w ind a p p ro x im a te ly  45° ro ta te d  
c lo c k w is e  as opposed to  the  A i r p o r t .  The dew p o in t  and te m p e ra tu re  d a ta  
e x h ib i te d  a good c o r r e la to n  be tw een  each s i t e ,  b u t  w i t h  d i f f e r e n t  means. 
The mean d i f f e r e n c e  was 1 2 .1 °C . The te m p e ra tu re  d i f f e r e n c e  i s  n o t 
u n re a s o n a b le , b u t  the  d i f f e r e n c e  in  dew p o in t  i s  m ore th a n  one w ou ld  
e x p e c t .  The g r e a te r  d i f f e r e n c e  in  dew p o in t  ca nn o t be e x p la in e d  e xcep t 
by a p o s s ib le  c a l i b r a t i o n  e r r o r .
In  a l l  c a s e s , the  r e la t io n s h ip  betw een th e  two a p p ro p r ia te  v a r ia b le s  
and lo c a t io n s  was g o o d . A n a ly s is  p e rfo rm e d  w i t h  e i t h e r  v a r ia b le  w ou ld  
in  a l l  l i k e l i h o o d  y ie ld  th e  same r e s u l t s  as lo n g  as a b s o lu te  v a lu e s  w ere  
n o t c r i t i c a l .  The w ind  d i r e c t i o n ,  on  the  o th e r  h an d , tended to  measure 
a p p ro x im a te ly  45° fro m  each  o th e r .
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P a r t i c u la t e  D is t r i b u t i o n
T h is  a p p e n d ix  i s  a c o m p i la t io n  o f  the  fre q u e n c y  d i s t r i b u t i o n  o f  the 
p a r t i c u la t e  d a ta  c o l le c t e d  in  B i l l i n g s  d u r in g  the  MAPS p r o je c t .  The 
f o l lo w in g  g ra p h s  in c lu d e  the  f re q u e n c y  d i s t r i b u t i o n  f o r  C e n tra l P ark  
TSP, C e n tra l P a rk  in h a la b le ,  C e n tra l P a rk  c o a rs e , C e n tra l P ark  f i n e ,
C ity  H a l l  TSP, Grand Avenue S c h o o l TSP, and Lockwood S choo l TSP.
The d i s t r i b u t i o n s  re p r e s e n t ,  to  some d e g re e , the  lo g -n o rm a l d i s t r i ­
b u t io n s  d e s c r ib e d  in  the  r e s u l t s  c h a p te r  o f  t h i s  p a p e r .  The v a lu e s  
a lo n g  the  y - a x is  ( o r d in a t e )  r e p re s e n t  the  f re q u e n c y  o f o c c u rre n c e  in  
p e rc e n t .  The v a lu e s  a lo n g  the  x - a x is  (a b s c is s a )  a re  the  p a r t i c u la t e  
v a lu e s  e xp re sse d  in  a n a tu r a l  lo g a r i th m  (base  e ) . The v a lu e s  o f  the 
lo g a r i th m  a re  m u l t ip l i e d  by 10 to  make the  g ra p h  e a s ie r  to  re a d . As an 
e xam p le , th e  C e n tr a l TSP g ra p h  shows t h a t  th e  TSP v a lu e s  whose n a tu ra l 
lo g a r i th m  l i e  be tw een  4 .0  and 4 .5  o c c u rs  a p p ro x im a te ly  28 p e rc e n t o f  the  
t im e .
The f o l lo w in g  g ra p h s  a ls o  d is p la y  the  mean, m e d ia n , s tandard  
d e v ia t io n ,  skew ness, and k u r t o s i s ,  a l l  exp ressed  in  n a tu r a l  lo g a r i th m  
te rras .
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A p p e n d ix  C 
C h i-S q u a re  T e s t  f o r  N o r m a li ty
The p a r t i c u l a t e  d a ta  was te s te d  to  d e te rm in e  i f  th e  d a ta  m a in ta in e d  
a lo g - n o r m a l f re q u e n c y  d i s t r i b u t i o n .  G raphs  w e re  d raw n  and d is p la y e d  in  
A p p e n d ix  B to  a s s i s t  i n  a v i s u a l  i n t e r p r e t a t i o n  o f  th e  d i s t r i b u t i o n .  To 
add some q u a n t i t a t i v e  v a l i d i t y  to  any c o n c lu s io n s ,  i t  was d e c id e d  to  
a p p ly  a s t a t i s t i c a l  t e s t  to  the  d a ta  to  d e te rm in e  i f  th e  d a ta  e x h ib i t e d  
a lo g - n o r m a l d i s t r i b u t i o n .  T h a t i s  to  say t h a t  a s t a t i s t i c a l  t e s t  was 
used to  d e te rm in e  i f  th e  n a t u r a l  lo g a r i th m  o f  th e  p a r t i c u la t e  d a ta  e x h i­
b i t e d  a n o rm a l d i s t r i b u t i o n .
The a p p r o p r ia te n e s s  o f  th e  lo g -n o rm a l d i s t r i b u t i o n  was j u s t i f i e d  by 
th e  c h i- s q u a r e  t e s t  f o r  n o r m a l i t y .  The p a r t i c u la t e  d a ta  was n o rm a liz e d  
in t o  a z - s c o r e  fo rm  ( z - s c o r e  = (d a ta  v a lu e  -  m e a n ) /s ta n d a rd  d e v ia t io n )  
and th e n  c a te g o r iz e d .  The num ber o f  v a lu e s  o c c u r r in g  in  each c a te g o ry  
was c o u n te d  and com pared a g a in s t  an e x p e c te d  v a lu e .  The f o l lo w in g  c a te ­
g o r ie s  w e re  u s e d :
C a te g o ry  # V a lu e s
1 L o w e s t th ro u g h  - 2 . 0
2 - 2 .  th ro u g h  - 1 .5
3 - 1 . 5  th ro u g h  - 1 . 0
4 - 1 . 0  th ro u g h  - 0 . 5
5 - 0 . 5  th ro u g h  0 .0
6 0 .0  th ro u g h  0 .5
7 0 .5  th ro u g h  1 .0
8 1 .0  th ro u g h  1 .5
9 1 .5  th ro u g h  2 .0
10 2 .0  th ro u g h  h ig h e s t  v a lu e
These v a lu e s  w e re  c h o s e n  because by  n o r m a liz in g  the  d a ta  to  a z 
s c o re  s t a t i s t i c ,  th e  v a lu e  o f  1 r e p r e s e n ts  an a p p ro x im a te  s ta n d a rd
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d e v ia t io n  o f  o n e . In  t h i s  w ay, tn e  number o f  v a lu e s  f o r  each c a te g o ry  
c o u ld  be computed based on an id e a l  d i s t r i b u t i o n  o f  a mean z e ro  and a 
s ta n d a rd  d e v ia t io n  o f  o n e . S tanda rd  Z—ta b le s  w ere used to  d e te rm in e  the  
e x p e c te d  v a lu e s  a lo n g  w i t h  th e  number i n  the  sam p le .
The c h i-s q u a re d  s t a t i s t i c  i s  c a lc u la te d  u s in g  the  fo l lo w in g  fo rm u la :
I f  the  d a ta  p e r f e c t l y  m a tches a n o rm a l lo g -n o rm a l d i s t r i b u t i o n  th e n  th e  
c h i-s q u a re d  s t a t i s t i c  w ou ld  e q u a l z e ro .  I f  the  d i s t r i b u t i o n  i s  n o t p e r­
f e c t l y  n o rm a l,  th e n  some o th e r  v a lu e  w ou ld  be e x p e c te d . Using a p roba ­
b i l i t y  v a lu e  o f  1%, the  c r i t i c a l  v a lu e  o f  the  c h i-s q u a re d  s t a t i s t i c  i s  
2 1 .7 .  Any c h i- s q u a re  s t a t i s t i c  w h ich  exceeds 1 9 .0  i s  assumed to have 
f a i le d  the  t e s t .  I f  the  d i s t r i b u t i o n  d a ta  w e re  i n  f a c t  a norm a l 
d i s t r i b u t i o n ,  th e n  th e re  w o u ld  o n ly  be a bo u t one chance in  one hundred 
t h a t  th e  d i s t r i b u t i o n  w ou ld  have been r e je c te d  as n o t be ing  a lo g -n o rm a l 
d i  s t r  i b u t i o n .
The f o l lo w in g  d e s c r ib e s  the  r e s u l t s  o f  the c h i- s q u a re  t e s t :
C e n tr a l  P a rk  
TSP
A c tu a l E xpected
C a te g o ry O ccu rre n ce s O ccu rre n ce s O ccu rre nce s
1 14 10.9 4
2 27 21.0 5
3 39 4 3 .9 9
4 59 7 1 .6 21
5 81 9 1 .5 25
6 89 9 1 .5 18
7 89 7 1 .6 22
8 59 4 3 .9 16
9 20 21.0 6
10 1 T^U9 1
C h i-s q u a re d  = 2 5 .1 C h i s
C e n tra l P ark 
In h a la b le  
A c tu a l Expected
Oc c u rre n c e s
2 .9
5 .6
11.7
1 9 .0
2 4 .3
2 4 .3
19.0
11.7
5 .6
2.9
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C e n tr a l P a rk C e n tra l P ark
C oarse F in e
A c tu a l Expected A c tu a l Expected
C a te g o ry O cc u rre n c e s O ccu rre n ce s O ccu rre nce s O ccu rre nce s
1 3 2 .9 3 2 .9
2 8 5 .7 2 5 .7
3 16 1 1 .9 14 11.9
4 18 1 9 .8 25 19.8
5 16 24 .7 16 24.7
6 22 24 .7 27 24.7
7 21 19 .8 24 1 9 .8
8 22 11 .9 10 1 1 .9
9 3 5 .7 5 5 .7
10 0 2 .9 3 2 .9
C h i-s q u a re d = 18.7 C h i-s q u a re d  = 9 .3
C i t y  H a l l Grand Avenue S choo l
TSP TSP
A c tu a l E xpected A c tu a l Expected
C a te g o ry O c c u rre n c e s O ccu rre n ce s O ccu rre nce s O ccu rre nce s
1 10 4 .3 12 4 .2
2 8 8 .4 3 8 .1
3 9 1 7 .5 5 16 .8
4 25 2 8 .5 14 2 7 .4
5 37 3 6 .4 47 3 5 .0
6 40 3 6 .4 51 35 .0
7 34 2 8 .5 31 27 .4
8 18 1 7 .5 17 1 6 .8
9 7 8 .4 2 8 .1
10 2 4 .3 1 4 .2
C h i-s q u a re d  = 15. 0 C h i-s q u a re d  = 51 .5
Lockwood S choo l
TSP
A c tu a l E xpected
C a te g o ry O c c u rre n c e s O ccu rre nce s
1 0 3 .5
2 8 6 .7
3 18 1 4 .0
4 25 22.8
5 25 2 9 .1
6 35 2 9 .1
7 18 22.8
8 14 1 4 .0
9 4 6 .7
10 5 3 .5
C h i-s q u a re d  =* 12.1
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The c h i- s q u a re  r e s u l t s  can be summarized in  the  fo l lo w in g  t a b le :
S i t e  C h i-s q u a re d  s t a t i s t i c  C r i t i c a l  v a lu e  Log-N orm al?
C e n tra l P a rk  TSP 2 5 .1 21.7 No
Cen t r  a l  Par k  In  h a la b le 6 .3 21 .7 Ye s
C e n tra l P a rk  Coarse 18 .7 21.7 Ye s
C e n tr a l P a rk  F in e 9 .3 21.7 Yes
C it y  H a l l  TSP 1 5 .0 21.7 Yes
Grand Avenue S cho o l 5 1 .5 21.7 No
Lockwood S cho o l 12.1 21.7 Yes
O n ly  th e  C e n tr a l 
lo g -n o rm a l t e s t  u s in g
P a rk  TSP and the  
the  c h i-s q u a re d
Grand Avenue s i t e s  f a i le d  the 
s t a t i s t i c  . The in t e r p r e t a t i o n o f
these  t e s t s  i s  a d d re sse d  in  th e  r e s u l t s  s e c t io n  o f  t h i s  p ap e r,
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M o n th ly  Mean V e rsu s  A ir  C o n c e n tra t io n
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A p p e n d ix  E
Breakdown
by
Day o f  Week w i th  A ir  P o l lu ta n t  
and by 
Season
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A l l  Seasons Combined
S ite Sun Mon Tue Wed Thu F r i  S at
C e n tr a l P a rk  TSP 68 81
C e n tr a l P a rk  In h .  39 40
C e n tr a l  P a rk  Coarse 24 24
C e n tra l P a rk  F in e  14 16
C e n tr a l P a rk  SO2 10 11
C e n tra l P a rk  O3 22 20
C it y  H a l l  TSP 62 69
Lockwood S ch o o l TSP 61 63
Grand A ve . TSP 57 74
KGHL TSP 43 44
C e n tra l P a rk  TSP 40 47
C e n tra l P a rk  In h . * *
C e n tra l P a rk  Coarse * *
C e n tra l P a rk  F in e * *
C e n tra l P ark  SO2 14 14
C e n tr a l P ark  O3 16 15
C it y  H a l l  TSP 39 58
Lockwood S choo l TSP 39 58
Grand A v e . TSP 39 58
KGHL TSP 27 36
C e n tra l P a rk  TSP 71 79
C e n tra l P ark  In h , * *
C e n tra l P a rk  Coarse * *
C e n tra l P ark  F in e * *
C e n tra l P a rk  SO2 8 8
C e n tra l P a rk  O3 27 28
C it y  H a l l  TSP 83 87
Lockwood S ch o o l TSP 60 61
Grand A ve . TSP 82 109
KGHL TSP 55 56
77 79 88 96 80
45 39 56 48 44
22 23 36 30 23
23 17 22 18 20
11 12 11 12 11
20 20 21 20 21
75 73 73 83 74
64 48 60 66 55
56 64 65 76 62
44 44 40 41 46
W in te r
52 47 65 56 48
* * * A A
* * A * A
* * * * A
15 15 14 16 14
15 16 19 17 13
42 49 47 75 67
32 49 52 58 45
32 49 52 58 45
35 29 34 34 40
S p r in g
69 79 75 119 82
* * * * A
* * * * A
* * * A A
7 6 6 9 6
2 6 27 27 23 28
96 86 90 107 73
66 44 * 60 A
76 86 87 106 6 8
44 48 31 41 37
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Summer
S i te  Sun Mon Tue Wed Thu F r i Sat
C e n tr a l  P a rk  TSP 85 111 106 105 110 117 89
C e n t r a l  P a rk  In h a la b le * * 65 * A 58 41
C e n tr a l  P a rk  Coarse * * 34 A A 4 6 28
C e n tr a l P a rk  F in e * * 30 A A 12 13
C e n t r a l  P a rk  SO2 6 7 * A A 7 6
C e n tr a l  P a rk  O3 30 27 29 29 27 28 30
C i t y  H a l l  TSP 55 56 93 75 78 76 72
Lockwood S ch o o l TSP * 71 68 57 66 75 58
Grand A ve . S cho o l TSP 51 51 72 70 67 61 58
KGHL TSP 41 42 56 45 53 45 45
C e n tr a l P a rk  TSP 72 92
F a l l
80 86 95 95 101
C e n tr a l P a rk  In h a la b le 49 49 48 38 67 44 64
C e n tr a l  P a rk  Coarse 31 33 25 20 47 29 35
C e n tra l P a rk  F in e 18 16 23 18 20 16 29
C e n tra l P a rk  SO2 11 11 13 18 15 15 14
C e n tra l P a rk  O3 16 15 14 13 14 13 16
C i t y  H a l l  TSP 71 75 6 81 69 64 A
Lockwood S cho o l TSP * 77 A 56 89 A A
Grand A ve . S cho o l TSP 58 A 49 46 48 A A
KGHl TsP 52 38 42 59 41 48 69
N ote  1 ; A l l  p a r t i c u la t e  v a lu e s a re in  m ic ro g ra m s  p e r c u b ic m e te r
Note 2: V a lu e s  a re  n o t re p o r te d  i f  th e re  a re  le s s  th a n  f i v e  o c c u rre n c e s
w i t h in  Che a p p r o p r ia te  c a te g o ry
N ote  3 : V a lu e s  f o r  s u l f u r  d io x id e  and ozone a re  re p o r te d  in  p a r ts  p e r
b i l l i o n  (v o lu m e )
N ote  4 : A l l  re p o r te d  v a lu e s  a re  an a r i t h m e t ic  mean
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